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DORSAD SYMRATHKTIC QANULIONKCTOMV FOR 
INTRACTABLE asthma 

Duane (hum, M.D., Meiidiiis, Te.v.w, and IIuoiir? Chandler, M.D. 

(by invitation), Jackson, Ti:nn. 

A T THE 1 loginning of nnv discussion of bronchial asthma it must be ad- 
mitled that the pathologic physiology of tlic nstlimatic ntlnck is variable 
and that ninny factors probably eombino to produce the symptom complex 
known ns asthma. Surgciy of the autonomic nervous system for bronchial 
asthma at present consists of the excision of organs whose function is partially 
known for a disease the cause of which is not fully understood. 

It is the jmrpo.se of this jmjier to touch ujion the high sjmts of known fact 
and conjecture concerning this syndrome called bronchial asthma and to 
descrilio an ojieralion which promises to relievo some of the patients suffering 
with it while more fundamental researches are being carried on. 

Reduction of the bronchial lumen (ipjiears definitely to be the modus 
operandi of asthma. It has been observed by all who use the bronchoscopo on 
asthmntic patients and has been repeatedly observed in bronchograms with 
iodized oil. However, in our experience these "contracted” bronchi arc reg¬ 
ularly found in asthmatic patients behrecn attacks, lending us to bolieve tlint 
]>crhni>s the bronchi do not coni met and relax in rcsjionsc to stimuli from the 
extrinsic nei-vcs, ns has long been supposed. In certain pntionts, at least, we 
have shown that the bronchi of all diameters arc in a constant state of dimin¬ 
ished caliber and that the asthmatic attack depends upon the changing stnte of 
the bronchial mucous membrane and bronchial secretions. 

The only evidence we have found to indicate that contraction takes place 
is the observation of Huber and Koessler' that, somo patients with a history 
of asthma show hypertrophy of the smooth bronchial muscles after death. Hud¬ 
son and .Jarre 1 have demonstrated this chronic-reduction of the bronchial lumen 

Read at tho. Twcuty^itevontli Annual Meeting of The American Association for Thoracic 
Surgery, St. Louis, Mo., Slay 29. 20 and 30, 1047. 

Originally read before the American Association for Thoracic Surgery' at Los Angeles In 
1M0. Additional observations made Upon the original patients and cose histories of two more 
recently operated patients have been added. Publication, formerly withhold because of tho 
Bmali series and relatively brief follow up, now appears Justified. 

Prom tho Department of Surgery, University of Tennossce College of Medicine. 
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with iodized oil and the Cin-ex camera, making serial x-ray films in quick suc¬ 
cession. Further evidence of the constant nature of the contraction is found in 
the fact that patients relieved of asthmatic symptoms still show the reduced 
bronchial lumina. Belief obtained by some patients from irradiation can best 
be explained by its effect upon the bronchial mucbsa. 

Lnkens 3 describes four types of change in the bronchial mucosa of asthmatic 
patients; one, a septic tracheobronchitis with abundant mucopurulent secretions 
adherent to the mucous membrane; two, a chronic catarrhal tracheobronchitis 
with intensely inflamed mucosa and with a small amount of mucopurulent secre¬ 
tion; three, a cyanotic and swollen mucosa of the trachea and bronchi; and, 
four, a mucosa with actual urticarial patches. Christopherson 4 describes a con¬ 
dition occasionally observed by us in which the tracheal and bronchial walls have 
become collapsible so that during forced expiration or coughing a mere slit is 
presented for the escape of air. 

Phillips 6 believes that some metabolic or systemic disturbance conditions 
the patient to render him susceptible to stimuli in the mouth, nose, throat, ear, 
or lower air passages, those “trigger areas” supplied by the fifth, ninth, and 
tenth cranial nerves. The susceptible patient shows an asthmatic response to 
stimulation of one or more of these areas, whereas the normal individual does 
not. In support of his belief Phillips reports that a large group of his asthmatic 
patients shows a low average temperature, a low or low normal metabolic rate, 
low blood pressure, low blood sugar, high gastric acid level, low urea nitrogen, 
and high indican level in the urine, and, frequently, a dry, thick or eczematoid 
skin subject to discolorations. Godard 6 also has noted the low and unstable 
blood calcium level in his patients with asthma. 

The sympathetic ganglia removed by us at operation from asthmatic pa¬ 
tients showed histologic evidence of toxic or metabolic degeneration. 

All authors agree that the extrinsic nerve supply of the lungs is derived 
from the vagus and sympathetic trunks from which fibers combine on the 
posterior surface of the hilum to form the posterior pulmonary plexus. Daniel- 
opolu 7 believes that a simple bronchomotor reflex arc exists through the sympa¬ 
thetic (afferent) and vagal (efferent) pathways because “identical results 
(are) obtained by sectioning two nerves which contain antagonistic broncho¬ 
motor fibers.” Phillips and Scott 8 state that “much opinion and little fact is 
presented to prove that the sympathetic is the afferent and the vagus the efferent 
trunk of a reflex arc.” Kummell 0 believes that bronchial constrictor fibers run 
in both the sympathetic and vagal trunks, the basis for his original cervical 
sympathectomy for asthma. Levin 10 believes that bronchial constrictor fibers 
are contained in the sympathetic trunk and describes the pathway through 
whiclr the sympathetic fibers distributed to the pulmonary plexus by the cervi¬ 
cal sympatlietics arise in the thoracic segments, showing that the whole bron¬ 
chial sympathetic innervation is derived from a thoracic source. He observes 
that vagus manipulations in operations upon the esophagus slow the heart but 
produce no asthma, and that lesions of the vagus, paralytic or irritative, are not 
characterized by asthma. Carmichael and Fraser 11 have demonstrated the re¬ 
lease of acetylcholine (a depressor and relaxor) about the nerve endings of the 
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vagus on stimulation, and a substanco like ad renin on stimulation of tho sympa¬ 
thetic nerves. These observations make it difficult to beliovo that tho vagus 
is a simplo bronchial constrictor. AVhnt seems moro likely tmo from the evi¬ 
dence of the several authors is that tho vagus and sympathetic trunks contain 
both sensory and motor fillers and that normal bronchial tone (or normal func¬ 
tion of the mucosa and glands) depends upon a balance between them. 

Freeman, Smitlnvick, and 'White 11 state that "structures which receive 
their nerve supply from the sympathetic nervous system bccomo more sensitive 
to adrenin nfter denervation,” ns was demonstrated by their work upon tho 
blood vessels of tho extremities. Adrenin applied directly to tho bronchial 
mucosa shrinks tho membrano and reduces secretions. Applied directly to tho 
smooth muscle it would be expected to produce contraction rather than relaxa¬ 
tion. If the bronchial luminn are in a constant state of reduction due to muscle 
spasm or other cause, sensitization of the mucosa to the patient’s own adrenin 
is a possiblo explanation for the beneficial effects of sympathetic denervation. 

Levin supports his views with a scries of twenty-three patients whose dorsal 
sympathetic ganglia lie destroyed by nlcohol injections. Complcto relief from 
asthmatic symptoms was obtained in 75 per cent of his patients, with varying 
degrees of improvement in tho remainder. Hither sufficient bronehomotor fibers 
were destroyed to alleviate symptoms or tho mucosa and glands were favorably 
influenced. 

Complete denervation of the lung by excision of tho posterior pulmonary 
plexus is unquestionably the most certain method now known for eliminating 
all extrinsic nerve stimuli. Itienhoff and Qav, 13 ’ 13 report excellent results with 
this operation in twenty-six eases. ITowovcr, these patients are frequently very 
poor operative risks with marked limitation of cardiorespiratory reserve. Wo 
feel that a procedure requiring less drastic surgery is to lie preferred if com¬ 
parable results can be obtained. It is also an ideal in surgory to preserve as 
much normal function ns possible while achieving the desired result. For 
these reasons the apparent logic of Levin’s articlo appealed to us and it was 
decided to perform a bilateral dorsal sympathetic ganglionectomy upon two 
patients and to obsorvo tho results before proceeding with tho operation upon 
others. The apparent success obtnined with tho first two patients encouraged 
us to perform the operation upon tho third a year lafor. 

TECHNIQUE OP OPERATION 

The first two operations (tho right sido of each of the first two patients) 
were performed according to tho technique of Adson and Brown, 14 exposing 
part of the fourth rib and its transverse process after separating the erector 
spinae muscles from the dorsal processes of tho vertebrae. After resecting tho 
transverse process and about one inch of tho rib, the sympathetic trank was 
engaged with a nervo hook and brought into view. The third and fourth ganglia 
were resected. The ganglia lie on the anteromesial surface of the heads of 
the ribs and are, therefore, not immediately seen from this posterior approach. 
The fleld entered is also a very vascular one. We felt that the normal approach 
of the thoracic surgeon would simplify the procedure. 
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In the next four operations a crescent-shaped paraseapular incision was 
used, resecting the third and fourth ribs to a point two inches lateral to their 
angles. The transverse processes were also removed. The cleavage plane ex¬ 
ternal to the endothoracic fascia was developed, pushing the pleura and fascia 
away from the heads of the ribs. The sympathetic ganglia could then be clearly 
seen, dissected free of all connecting rami, and excised with the intervening 
sympathetic trunk. The wound was closed in layers without drainage in all 
cases. For us the operation was technically much easier to perform and more 
satisfactory from the standpoint of exposure. 

The last four operations were performed similarly except that the second, 
third, fourth, and fifth dorsal sympathetic ganglia were removed. 

CASE REPORTS 

Case 1.— F. I., a Negro woman, aged 25 years, unattached, entered the John Gaston 
(City) Hospital Nov. 26, 1935, stating that in 192S she began to have attacks of wheeling 
and dyspnea occurring each fall. By 1935 the wheezing was almost continuous, with freedom 
from symptoms never lasting over a- week. No particular food or plant allergies were noted. 
During five admissions to the hospital and innumerable visits to the emergency room she 
received treatment with adrenalin, ephedrine, morphine, atropine, pituitrin, potassium iodide, 
magnesium sulphate, and calcium gluconate. Gradually all forms of medication failed to 
bring relief.' An attempt to isolate the patient from allergenic proteins failed to affect her 
condition. The patient claimed she had been unable to work since 1928. 

Past history was negative except for a Caesarean section and antisyphilitic treatment 
in 1928. 

The family history was negative for tuberculosis, cancer, or evidences of allergy. 

Physical examination revealed an old-looking Negro woman sitting up and inclining 
forward, struggling for breath. All of the accessory muscles of respiration were active. 
The chest was barrel-shaped and hyperresonant, and auscultation revealed typical riles, 
rhonclii, and siffles of bronchial asthma. The remainder of the physical examination was of 
no especial interest. None of the abnormalities of the upper air passages frequently asso¬ 
ciated with asthma were discovered by the Nose and Throat Service. 

The blood picture was normal except for an eosinopliilia up to 6 per cent. The Kahn 
test was negative. Sputum was negative for tubercle bacilli on numerous occasions, but 
Curschmann’s spirals were frequently seen. Stereoscopic x-ray films of the chest before opera¬ 
tion revealed a moderate bilateral emphysema, but no parenchymal pathology. 

A bronchoscopic examination Dec. 2, 1935, revealed no foreign body, tumor, or other 
mechanical obstruction. 

On Dec. 4, 1935, a right dorsal sympathetic ganglionectomy was performed by the 
teclinique of Adson and Brown, removing about one inch of the fourth rib with its trans¬ 
verse process. The sympathetic trunk was severed above the third dorsal ganglion and below 
the fourth, and the intervening ganglia and sympathetic tr unk were removed. 

The postoperative course was uneventful and the patient was discharged eight days 
after operation, having experienced a few slight attacks of dyspnea which were relieved by 
ephedrine % grain by mouth. 

Attacks of asthma continued to occur on the average of about once a month. The 
patient, discouraged because total relief was not obtained, refused the contralateral operation 
until September, 1937. 

On Sept, 16, 1937, a left dorsal sympathetic ganglionectomy was performed, employ¬ 
ing the revised teclmique described. The pleura was accidentally torn, admitting air which 
was controlled with a pack until the completion of the operation and an airtight closure of 
the muscles without drainage could be performed. 
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Mfcmteopie Examination .—“Section from ganglions reveal tho ganglion cells to bo 
moderately atrophic with immll nuclei in which nucleoli nro not visible and In which many 
nuclei themselves nro invisible, Oytoplnsm falnt-stalnlng. 

“Diagnosis: Ganglia with fond ntmphy of ganglion cells.” [JL. C. Harris, MJ).] 

Tho postoperative convalescence following aspiration of tho pneumothorax was unevent¬ 
ful. Tho patient lmd two mild attacks of dyspnea which wore entirely subjective, and which 
were promptly controlled with cphedrinc, ^i grain by mouth, No wheezing could bo made 
out on examination but a llttlo bronchial moisture could be lteard. Tho patient was dis¬ 
charged on tho twelfth postoperative day greatly improved* 

The |mticnt obtained a job as ward maid in the Baptist Memorial Hospital where she 
worked continuously for two years. 

On Juno 20, 1939, a check-up examination revealed that tho patient had gained 03 
pounds in weight. Site had had no true nsthmn attacks sinco tho first month nftor her 
second-stage operation. She occasionally felt “choked up” when working in a hot and 
stuffy place, but these symptoms were relicred by either lenving tho room or taking an 
ephedrlne enpfiule. No abnormal signs could Ik? heard on physical examination of tho chest. 
The jmtlent stated that sho had not lost n dnv of work because of asthma since sho ob¬ 
tained hor job ninoteen months previously. 

A check-tip interview in September, 3940, revealed tlmt the patient had taken n conrso 
in nursing at Mchnrry University, had gained 300 pounds, nnd wns working regularly ns a 
registered nurse. Tho patient stated that sho occasionally “eliokcn up,” especially on 
Inking cold. During these periods she receives an injection of a fow mininut of adrenalin 
or tokos % grain of ephedrino by mouth ns often as twlco daily. Much of tho time no 
medication i» required. 

Relatives report in May, 3047, that tho patient is working in St. Louis and is “fat and 
fine nnd we dono saved her life.” 

Cake 2.—E. a Negro woman, aged 32 years, married, enterod tho hospital Dec. 1, 

10.13, Btating that she had suffered from asthmatic attacks for seventeen years. At first these 
nttneks were seasonal, occurring particularly in the summer and fall, but since 3032 the 
nttneks had been almost constant, especially sinco tho removnl of nasnl polyps. 

Tho past history revealed nntisyphilitic treatment twclvo years previously, unsuccessful 
attempts to treat sercro pyorrhea, nnd to control carles of tho teeth, constipation, and the 
“whites” for many years. Tho patient lind suffered several attacks of so-called pneumonia. 

Physical examination showed an orthopneic Negro fomale in respiratory distress. 
Nasal polyps nnd dental caries woro present. Tlio chest was barrel-si inped nnd auscultation 
revealed tho typical rfilcs, rlionchi, and sifilos of bronchial nsthmn. There was marked club¬ 
bing of tho fingers. ’ 

The blood plcturo was normal except for on eosinophilla of 2 to 38 per cent. The Knlm 
tost was negative. The sputum showod Curschmnnn’s spirals on all examinations, and 
eosinophllcs in somo specimens. No tuberclo bacilli were found. Stereoscopic x-ray films 
of tho chest revealed a markod bilntoml emphysema, thickening of the vascular lung mark¬ 
ings, but no parenchymal disease. 

Bronchoscopic examination Doc. 4, 1935, revealed tho upper trachea deflected to tho 
right, but with no marked angulation. No foreign body, tnmor, or other mechanical ob¬ 
struction wns found. Much glaroy mucous was removed by aspiration. 

On Doc. 11, 1935, with 0J> per cent procaine anesthesia, a right dorsal sympathetic 
ganglioncctomy by tho tceliniqno of Adson and Brown wns performed. 

The following day the patient developed a total atelectasis of the left lower lob£ which 
was controlled with carbon-dioxide and oxygen inhalations, ammonium chloride, and postural 
drainage. Tho convalescence was otherwise unoventful and the patient was discharged on 
the seventeenth postoperative day having liad no further attacks of asthma. 

In a fen - weeks the patient again began having occasional attacks of asthma, but leas 
frequently and with less severity than before tho operation. On only one occnaion wns the 
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patient admitted to the hospital for medical treatment. This patient was so encouraged by 
the results of the first operation that she refused the contralateral operation. In January, 
1936, she had an attack of lobar pneumonia in the right upper lobe, pneumococcus Type IY, 
which resolved by lysis. Stereoscopic x-ray dims before discharge fourteen days later 
showed complete resolution. 

The patient was persuaded to return for the contralateral operation and on Sept. 
14, 1937, the left third and fourth dorsal sympathetic ganglia were resected by the re¬ 
vised technique. 

The postoperative course was extremely smooth. The patient had a slight constant 
wheeze for which no medication was required. Discharge from the hospital occurred on 
the twelfth postoperative day. 

Beginning about two weeks after her discharge from the hospital the patient began 
again having severe paroxysms of dyspnea which were worse than those in the interval 
between operations. These continued frequently and severely for another six weeks, then 
they began to disappear gradually. Four months after operation the patient obtained a 
job as house maid and worked continuously for three months. Since then she has been 
doing housecleaning work by the day. 

At check-up examination on May 10, 1947, the patient states that she feels better 
than she ever has in her life. She weighs 140 pounds, an estimated gain of thirty-two 
pounds in the past ten years. She does day work and has lost no time in the past three 
years because of her health. 

The patient admits that she occasionally feels an attack of asthma coming on and 
that her favorite treatment is to “drink a little whiskey, ” which usually averts the paroxysm. 
On two occasions, in spite of liberal self-treatment, aminophylline has been required for 
relief. 

It is the opinion of the authors that this patient has no true asthmatic attacks, but 
becomes worried when the chest begins to feel tight from her residual emphysema and 
bronchitis. 

Case 3,—J. W., a Negro boy aged 13 years, entered the hospital Oct. 19, 1938 com¬ 
plaining of severe attacks of asthma for about nine years. The paroxysms were not seasonal 
and had been increasing in frequency and intensity until they were almost continuous. The 
patient had lost sixteen pounds in the previous nine months and had been completely out 
of school for a year. 

The past history was negative except for measles, mumps, and pertussis in early 
childhood. 

The family history revealed the patient’s father and one aunt with asthma. All other 
close relatives were living and well. 

Physical examination showed a fairly well-developed but poorly nourished Negro boy. 
The chest was barrel-shaped and auscultation revealed marked inspiratory and expiratory 
rlionchi, siffles and musical rales. Physical examination was otherwise negative. 

Blood examination showed 6,000,000 red blood cells, 16 Gm. of hemoglobin and a normal 
total white cell count. In the differential white cell count were 2 basophiles, 34 per cent 
eosinophiles. The blood Kahn was negative. Sputum examinations were negative for tubercu¬ 
losis, but revealed largo numbers of Curschmann’s spirals. 

Stereoscopic x-ray films revealed congested vascular lung markings with slight emphy¬ 
sema in both lower lobes. No evidence of parenchymal pathology was seen. 

Bronchoscopy on Oct. 20, 193S, showed the tracheal and bronchial mucosa normal, the 
secondary bronchi were slightly narrowed and contained much frothy mucoid exudate. No 
foreign bodies, tumors, or other obstructions were seen. 

On Oct. 27, 1939, a left dorsal sympathetic ganglionectomy was performed, removing 
the third and fourth sympathetic ganglia in the manner previously described. 

Microscopio Examination ,—Sections are from ganglion. Ganglion cells reveal some 
autolytic changes. The interstitial cells may be slightly increased. The surrounding connec¬ 
tive tissue is dense and fibrous in some regions. 

“Diagnosis: Slight fibrosis of ganglion.” 


[Dr. W. W. Brandes] • 
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Convalescence from tTio first operation was uneventful nnd tho patient suffered do 
nttneks of osthmn. (It is to bo remembered that during tlio early postopomtivo days tho 
patient received adequnte sedation with morphine to relioro pain, which may nccount for tho 
absence of paroxysms.) 

On Nov. 10, 1038, two weeks after the first operation, a right dorsal sympathetic gnn- 
glloncetomy wns performed under ethylene anesthesia, using tho revised technique. 

Microscopio Examination .—. . . tho gnnglion cells nro intermingled with norvo fibers 
nnd in ono portion of tho ganglion there is n slight suggestion of increased ccllularity. 
Tho connective tissue suroundlng the gnnglion is slightly increased. 

**Diagnosis: Nerro gnnglion with mild ganglionitis.” [Dr. T. M. Dunn] 

The patient's Immediate postoj>emtlvc course was uneventful until tho third day when he 
ln'gnn to liavo asthmatic nttneks again. These were not severe nnd were easily controlled with 
10 minims of adrenalin. However, ho continued to hnvo ono or two a day until Ids dis¬ 
charge from the hospital and ropontodlv thereafter. Ono attack on Dee. 1, 1938, was suffi¬ 
ciently severe to muse his admission to the hospital, where it wns controlled with amlno- 
phylline, G grains in 200 c.c. of 23 per cent glucose solution intravenously. 

Until early Mny, 1939, It nppenred that little l>cncflt lmd been derived from tho opera¬ 
tions, ns tho patient continued to Imve frequent nnd rather sovero attacks of asthma 
necessitating injections of adrenalin nnd nminophyllinu for relief. Until that timo tho 
patient missed nt least two days n week from school although ho was ublo to “carry on” 
during tho intervals. After May 3, 1939, the jratient had a perfect attondanco record nt 
school nnd had only rare nttneks of asthma, all of which were relieved complotely within 
fifteen minutes by an injection of adrenalin. 

A reply to n questionnaire dated Jon. 13, 1947, indicates that this patient is working in 
a fnctory in Detroit ns a machinist. This past fall he lmd some asthma between September 
fi and October 30, requiring “nlxnit two shots a <lny. M In this period tho patient states 
ho lost somo timo from work because of his asthma, bat tho rest of tho year ho hnd been 
nblo to work continuously and regularly. 

In 1913 oar observation of the first three patient* over a period of nt least four years 
in each ease was encouraging. Eneli patient had somo ovidonco of bronchlnl damage and 
pulmonary emphysema so that nono were entirely symptom free. Howovcr, each was nblo to 
work and a relatively small nmonnt of medication was required to abort asthmatic nttneks 
when the patients tailored ono to lx* Imf'cnding. These olwrvntions encouraged us to advise 
nnd apply similar ojmrnflons to two additional desperate patients with intractable asthmatic 
symptoms. 

Cask 4. — R. T., aged 59 years, n white man, entered tho hospital April 23, 3943, as an 
emergency because of extremo dyspnea, wheeling, cyanosis, and loss of consciousness. 

Tho history’ obtained later indicated that tho patient could not remember when he 
did not hnvo attacks of asthma to a grentor or lesser degreo, but tlmt in tho preceding fonr 
months following a cold they had become much more sovero and almost continuous. Coigh 
with intermittent episodes of purulent sputum hnd l>ecn present for several years. There had 
been a loss of 25 pounds of weight in tho preceding four months. 

Tho patient's attacks of dyspnea had gradually become rofrnctory to all types of 
medication including adrenalin, ephedrino, nrnlnophyllino nnd numerous patent remedies. 

Physical examination showed an emneinted oldcrly man, unconscious, cyanotic, with 
ill nccossory muscles of respiration intensely active. Thorc was ptosis of the right eyelid. 

Examination of tho chest showed a barrel-shaped thorax with limited excursion. There 
wns a great deal of bronchial rattling to l>e heard on auscnltntion as well as both inspiratory 
nnd expiratory’ siffios and musical rflles. Heart sounds were distant and the heart rhythm 
was irregular. 

Emergency treatment consisted of a brouchoscopic aspiration of secretions, nasal 
oxygon, 7% grains of aminophyllinc in 10 per cent glucose, and rapid digitalization. 

X-ray films and brotfekogruma obtained later showed a very marked bilateral pulmonary 
emphysema and oxtensivo cylindrical bronchiectasis. All bronchi without bronchiectasis 
were attenuated. 
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The blood examinations showed a normal red cell count and hemoglobin with a whito 
cell count of 15,600. Eosinophiles ranged from 4 to 8 per cent but the blood picture was 
otherwise not remarkable. The Kahn test was negative. 

During the ensuing three months the patient was never complete]}- free from his 
dyspnea and wheezing which varied from day to day in severity- in spite of attempts to 
control it with all types of standard medical therapy. The bronchial infection was con¬ 
trolled adequately with a postural drainage routine supplemented with expectorants and a 
high fluid intake. 

On Aug. 6, 1943, a left dorsal sympathetic ganglionectomy was performed by the 
technique previously described, except that in this case the second, third, fourth, and fifth 
thoracic sympathetic ganglia with the intervening sympathetic trunk were excised. During 
the operation a small tear was made in the pleura creating a pneumothorax, but with posi¬ 
tive pressure the lung was re-expanded as the wound was closed in layers and no respiratory 
embarrassment was experienced. 

By Aug. 30, 1943, the patient had gained 10 pounds in weight although he still ex¬ 
perienced occasional slight attacks of asthma which were relieved with one Tedral tablet. 

On Sept. 14, 1943, the contralateral right dorsal sympathetic ganglionectomy was 
performed, again removing the second, third, fourth, and fifth ganglia. Convalescence 
from this stage was uneventful. The patient was discharged from the hospital on the 
twelfth postoperative day. 

On Oct.' 14, 1946, the patient stated that he wheezed very little but that his chest 
“stopped up” occasionally, requiring a bronchoscopic aspiration of his secretions. He 
stated that these attacks of dyspnea are never severe enough to make him sit up to get his 
breath. 

Physical examination revealed a normal temperature, pulse rate, respiration rate, and 
blood pressure of 140/80. His weight was 119% pounds. Examination of the chest showed 
rhonchi predominantly in the right lung. Bronchoscopic examination showed a significant 
amount of mucopurulent secretion in the right lower lobe bronchi but the membrane in the 
other bronchi appeared relatively normal. 

In response to a questionnaire dated January, 1947, the patient stated that he is actively- 
managing his farm, that he sleeps fairly well, and that his appetite is good. He tends to 
have some “choking spells” in the late afternoon and at night but “these attacks I have 
now are light and it just takes a few drops of adrenalin to stop them. I seem to be getting 
along fairly well. ’ ’ 

Case 5.—T. B., aged 29, a white married man, an engineer. The patient was first seen 
on May 23, 1941, complaining of asthma and a cough productive of mucopurulent sputum. 

The patient stated that fifteen years previously he began having attacks of asthma 
which became progressively worse until they would last for days at a time regardless of 
medication. There was a history of mucopurulent sputum following colds for many years. 

Three weeks previously the patient had had “flu” with fever to 104°P. for three 
days, treated with sulfathiazole. He had experienced pleurisy in the left anterior chest 
following the acute infection. 

Physical examination revealed an asthmatic white male in moderate respiratory dis¬ 
tress. Blood pressure was 106/6S and weight 140 pounds, representing a recent loss of 6 
pounds. 

Chest examination revealed many inspiratory and expiratory sillies, rales and rhonchi 
bilaterally, particularly prominent in the right axilla. 

X-ray film May 22, 1941, showed multiple cystic areas in the right midlung field -with 
fibrotic infiltration extending out from the hiluru into both lungs. 

Bronchograms showed irregularity and slight cylindrical dilatation of the bronchi 
in both bases. 

Bronchoscopy shoved an edematous pale mucous membrane in the trachea and major 
bronchi with evidence of irregularity and scarring in the secondary branches. 

The laboratory reported blood counts within normal limits and an eosinophilia ranging 
from 3 to 7 per cent. Sputum was negative for tubercle bacilli on both concentration and 
culture. 
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For two venra tbo patient won treated with hronchlnl ilrninngo routine including ex¬ 
pectorant*, tedrnl tablets, nniino|ihylllnc, Hrnl orrmilonid broncho.vopy. Attempts were nmilo 
by competent allergists to elhninnto contnet with allergenic protein* to which the patient was 
sensitive nnd to desensitize him to those from which ho could not be separated. For three 
months tho patient was improved nnd gained 3fl pounds in weight but in August, 1043, the 
attacks returned with renewed severity nnd tho patient proved to Ikj adrenalin-fast. At tlds 
time tho patient wns tnking 12.0 c.c. of adrenalin a day without relief and he Ihkuuuc anxious 
to submit to n sympathetic gnnglioneetoniy. 

On Aug. 27, 1043, n left sympathetic gnnglionectomy was jwrformcd, removing tho 
left second, third, fourth, nnd fifth dorsal syinjmthctic ganglia. Convnlesceaco was un- 
oventful and the patient loft the hospital eight days Inter. For ono week ho hnd no asthmatic 
symptoms hut nt that time lie caught a cold which renewed his cough, sputum, dyspnea, 
and wheezing. 

On Old. 8, 1043, the contralateral stnge of the operation u*ns |H*rfurnied, removing the 
right second, third, fourth, nnd fifth dorsal sympathetic gnnglia. At this singe a tear was 
made in tho plaunt, but collapse of the lung was .prevented hy the application of positive 
pressure anesthesia nnd the wound wns closed tightly without drainage. Convalescence was 
marred only by tho discomfort of pleurisy, presumably due to n smnll amount of pneumo¬ 
thorax creating tension on somo intmpleurnl adhesions. Tho patient loft the hospital on the 
twelfth postoperative day with tbo long well expanded. 

Since operation the patient has Imd no severe nttneks of nsthmntic symptom*. It 
has been necessary for tho patient to utiliro the bronchial drainage routine from time to 
tlrno to clear up tho sequelae of respiratory infections. 

In responso to a questionnaire dnted Jan. 8, 1047, the patient roported his general 
condition good. IIo stated that ho has no sovero nttneks of nsthmn, but "chokes up somo 
when I have a cold and usually tighten up a little on rising in tho morning nnd about bed¬ 
time. " IIo occasionally takes 0.2 o,c. of 3:3,000 adrenalin when Ids chest feels tight. Ho 
furthor declares that ho had missed only a few days of work in tho Inst two nnd one-half 
years. 

Each of these lost two patients Juts a known bronchiectasis, pulmonary 
emphysema, and ono lias actual cystic disease of the rigid lung. The present 
symptomatology is comparable to that experienced by all other patients with 
these irreversible changes in the bronchi and lung parenchyma. 

RESULTS 

From a statistical standpoint this small group of fivo patients is of no 
consequence. To tho patients concerned the operations have been extremely 
important since nil five have been enabled to return to useful occupations. 
From a surgical point of viow the results are interesting ljocause these patients 
have obtained ns complete relief ns those subjected to the more extensive opera¬ 
tion effecting complete denervation of the lung. 

All five patients upon whom wc operated had intrnctablo asthmatic symp¬ 
toms of long duration. It is not surprising that there should be permanent 
changes in the bronchial mucous membrane such as thickening, loss of ciliary 
action, and, in two cases, bixmchiectasix. Pulmonary emphj’sema is, of course, 
present in all cases. It is interesting that the residual symptoms of each of 
the five patients depend largely upon the presence or absence of respiratoiy in¬ 
fection at the time. It is believed that the symptoms of “choking up” and 
wheezing associated with colds are due more to these permanent branchial nnd 
pnranchymal changes than to the old asthma mechanism. 
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All five patients have gained weight in amounts varying from 10 to 100 
pounds. Only two patients report losing any time from work because of 
“ asthma ” within the past year, neither of them for more than a few days. 
All patients report a satisfactory response to small amounts of medication when 
an impending attack is feared. 

It is of further interest to note that the patients whose operations have 
been performed the longest (ten years) have progressively shown the greatest 
improvement. 

SUMMARY 

1. We are not prepared to say what the metabolic, biochemical, or systemic 
disorder underlying bronchial asthma may be, nor to propose a cure for the 
basic condition causing it. 

2. Evidence is presented to indicate that a basic metabolic or systemic 
disorder producing the symptoms of asthma does exist. 

3. Observations of reduction of bronchial lumina between attacks of 
asthma suggest that changes in the condition of the bronchial mucosa and its 
glands are responsible for intermittent attacks of symptoms, rather than con¬ 
traction and relaxation of smooth muscle. 

4. Opinions are quoted which contend that the vagus is not a simple 
bronchial constrictor nerve, but that the thoracic sympathetic trunks and 
ganglia also contain “constrictor fibers,” and that their influence upon the 
bronchial mucosa and glands seems certain. 

5. Sensitization to adrenin of structures which normally have a sympathetic 
nerve supply is suggested as a possible explanation for the effects of sympathetic 
denervation of the lungs in asthma. 

6. An operation is described for the bilateral excision of the third and 
fourth dorsal sympathetic ganglia, and three cases of asthma so treated with 
beneficial results are reported. Two additional patients on whom bilateral ex¬ 
cision of the second, third, fourth, and fifth dorsal sympathetic ganglia was 
performed are also described. 

7. After observing the first patients for ten years and the later ones for 
four years, we are encouraged by the results obtained to proceed with the 
operation upon others whose asthma appears to be intractable. 
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DISCUSSION' 

DR. OSLER ABBOTT, Atlanta, Ga.—At Emory University wo havo also been in¬ 
terested In this problem but linvo approached it by direct attack upon the parasympathetic 
nervous system. During tho past two years wo have utilised a transpleural approach in 
order to resect the pulmonary components of tho vngus nervo in nino pntlonts with intrinsic 
bronchial asthma. It appears particularly important to isolato tho vngus throughout its 
entiro courso in tho posterior hilar nrea. Tho number of branches going to tho lung has 
been ninny more than one would expect, and wo havo noted a minimum of five branches on each 
side. There has been one to two branches along tho superior snrfaco of tho pulmonary artery, 
a largo branch along the posterior surface of tho mninstem bronchus, and ono nlong tho pos¬ 
terior surfnee of both the superior and inforior pulmonary veins. On tho loft side then is 
frequently an additional branch going nlong tho nrterv nnd arising from the inforior surtace 
of tho recurrent laryngeal nerve. AV© havo also stressed tho ligation of each branch prior 
to its trnnsscction, nnd conclude tho operation by transplanting tho entiro hilar portion 
of the vngus nervo into tho pleural cavity, by interposing tho modinstlmil pleura between tho 
nerve and tho distal ends of tho sovorod pulmonary branches. 

Tho two sides in each patient havo boon operated upon at a minimum of a throo- 
month interval, in order to allow us to observo tho ofTect upon tho individual lung. Tho 
patients havo uniformly remarked upon a marked increase in respiratory reserve. We havo 
noted a constant cliango in physical signs, in that thcro is a prolongation and accentuation 
of tbo expiratory’ phaso of respiration, almost assuming a tubular quality. 

Tho Increase in tho vital capacity has been our most striking finding. Inasmuch as 
all patients woro only subjected to this experimental procedure when they had become totally 
incapacitated, nnd all had sovero associated emphysema, wo havo rapidly eomo to tho pre¬ 
liminary conclusion that our most beneficial effect has been upon tho emphysema component 
of tho discaso. So strongly havo wo felt this, that recently wo have utilised it in cases of 
emphysema alone. In tho group with bronchial asthma the increase In vital capacity has 
ranged from SB to 128 per cent 

However, wo appreciate tlmt wo are dealing with a discaso containing a major psychoso¬ 
matic complex, and wo do not feel justified in making any final interpretation until a five- to 
ton-year period of observation has elapsed. 

DR. RALPH ADAMS, Boston, Mass.—I wish to ask two questions of Dr. Carr. 

When ho did tho sympathectomy, did ho go prior to or peripheral to the intercostal 
nervo root when ho removed tho dorsal sympathetic ganglion f 

Second, did ho observe some months Jator, when several of his patients began to have 
clinical improvement in their asthma any sign of Raynaud's disease or sweating in their 
hands? 

The operation which ho describod corresponds closely to the operation which is now 
called by some poople who do the preganglionic sympathectomy, tho "old-fashioned sympa¬ 
thetic gnngllcmectomy, ’ * in that it was postgnnglicmio instead of preganglionic in respect 
to the intercostal nervo root. 

Ho gavo the explanation of the sensitivity to adrenin. In part, the reason that the 
Raynand disease patient got worse ns he characteristically did from the old operation was 
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shown dramatically by Norman Freeman and his colleagues to be caused by sensitization to 
his own adrenin, perhaps from nerve regeneration. 

Possibly what was a ganglionic sympathectomy may explain the delayed appearance of 
beneficial results in some of Ur. Carr’s cases. 

We have operated upon four patients with severe pulmonary emphysema and cysts, 
in each of whom there was at least one cyst causing mechanical embarrassment to the pa¬ 
tient’s respiration. In each of those four cases, the cyst of greatest size was removed. The 
hundreds of others naturally were not attacked; the cyst wall was enfolded, and at the 
same time two autonomic nerve types of operation were done, one Dr. Abbott has just men¬ 
tioned, removing the vagal fibers in the hope of attacking the bronchial spasm phenomena, 
and second, the sympathetic fibers, in the hope of recreating a sensitization to their own 
adrenin, if it be of practical value, as we thought it might be from theoretical considerations. 

One of those patients died. The other three had greater improvement than I had any 
idea they would or should have had. Each of these three patients changed from invalidism 
to a useful but light occupation, one patient four yenrs after operation, is just now, in 
the past three months, beginning to return to a status comparable to that at the time he was 
operated on. 

Another patient was suspected of having carcinoma, but had a granuloma in his right 
lung. Because he had asthma, a unilateral vagal denervation was done, and I could not sec 
that it did him any good. 

One patient had a bilateral operation of the specific type that Dr. Carr described, for 
severe asthma, of the type that required oxygen therapy and air-conditioned rooms. Her re¬ 
action after the first side was dramatic. There was great improvement. She was anxious to 
have the second side done, and she improved further and went home, she claimed, a well 
patient. She stayed well for five weeks, and in the sixth week had a family argument ami 
returned to the hospital in status asthmaticus. Five months later that patient had ngain 
begun to show improvement. We had our psychiatrist look into the matter, which may be 
the explanation. 

DR. J. HUGHES CHANDLER, Jackson, Tenn.—The type of resection done was post¬ 
ganglionic, and in none of these resections was there noted any evidence of Raynaud’s dis¬ 
ease postoperatively. 

We were especially interested in a comparison of results between the dorsal sympathec¬ 
tomy as it was done to include stellate ganglia and those of the type which we have done. 
We have purposely excluded stellate ganglia because of the unpleasant symptoms that would 
have been produced by Horner’s syndrome. 

I would like to further emphasize that denervntion operations will afford no benefit 
to patients whose bronchial tree has become rigidly constricted by chronic fibrosis, or in 
advanced emphysema. 

DR. DUANE CARR, Memphis, Tenn.—Frankly, we now feel we know notliing for sure 
about asthma. Ten years ago when this work was started we felt confident in our knowl¬ 
edge, but conflicting opinions in the literature and observed physiological results which can¬ 
not be reconciled with them leave us feeling ignorant. We hope that this will result in 
our learning something more definite. 

It is high time we held up some of the old ideas which have been taken for granted 
to close scrutiny. I feel right now that, as Dr. Grace has said, the entire physiology of 
asthma needs to be reviewed. 

As for the relative merits of the dorsal sympathectomy, dorsal sympathetic ganglionec- 
tomy, and the posterior pulmonary plexus neurectomy, we have no opinion. We were trying 
to get away from an extensive transpleural operation. Our patients were so desperately ill 
tliat they could hardly have tolerated a major procedure of that type. 

If the simple resection of the dorsal sympathetic ganglia will serve the purpose, and 
after watching some of these patients for ten years, w-e believe it has; we believe that the 
amount of surgery or surgical trauma necessary to bring relief has been greatly minimized. 



AItTEHlOYENOUS FISTULA OF THE LUNG 

IIkriiiikt C. JIaier, M.D., and (hy invitation) Aaiion ITimmelstein, M.D., 
Kiciiaiid L. Itri.Kv, JI.D., and Joseph J. Benin, 5LD. 

New York, N. V. 

' I ’J IE development of large, vascular channels lietwcen a pulmonary artery 
and vein results in a elmmeteristic clinical syndromo which is lieing recog¬ 
nized with increasing frequency. 1 ’ *• *• '• ,0 - ,<! AYe arc herewith reporting a study 
of the circnlntory dynamics in pulmonary arteriovenous fistula. The disturb¬ 
ances in circulation associated with an arteriovenous fistula in n large peripheral 
vessel have been the subject of intensive investigation.' The data reveal points 
of contrast between the alteration in circulatory dynamics produced by arterio¬ 
venous fistula in the lesser as compared with the greater circulation. Included 
in this paper is a case report of a pulmonary arteriovenous fistula with super¬ 
imposed bacterial endarteritis, which was successfully treated by chemotherapy 
and lobectomy. To our knowledge this is the fiixt ease of bacterial endarteritis 
superimposed on a pulmonary arteriovenous fistula that 1ms been obsorved. 

An arteriovenous fistula not caused by trauma, infection, or degenerative 
changes in the walls of blood vessels is a form of cavernous hemangioma. The 
size of the vascular channels in hemangiomas varies considerably. When large 
arteries and veins arc present, a free communication between the arterial and 
venous system may be established. A cavernous hemangioma of the lung may 
result in the shunting of a considerable amount of venous blood from the 
pulmonary artery to the pulmonary vein and left auricle. Tho blood passing 
through the shunt does not go through the capillnries of the lung and thus 
fnils to lie oxygenated in the normal manner. Since the lung lms a dual blood 
supply from the pulmonary and bronchial systems, one or moro tributaries of 
both systems may communicate with the cavernous hemangioma. The part 
played by each vascular system varies in different eases. Those patients who 
show mnrked cyanosis, clubbing of the fingers, and polycythemia undoubtedly 
have a largo fistulous communication lietwcen Iho pulmonary artery and vein. 
In the absence of cyanosis and polycythemia, cavernous hemangioma of the lung 
may be suggested on jiliysienl examination by the presence of a loud murmur 
over a portion of the lung. Perhaps in the latter instance the bronchial arteries 
play a more prominent role in supplying blood to tho cavernous hemangioma. If 
this hypothesis is correct, the pressure within such a cavernous hemangioma 
might be greater and the risk of homoptyscs increased. 

Heredity seems to play a role in the occurrence of arteriovenous fistula of 
the lung. Goldman” has reported hemangioma in the lungs of two brothers. 

Read at the Twenty-seventh Annual Meeting of Tho American Association for Tbomclc 
Surgery, St. IxjuIs. Mo.. May 28, 20 and 30. 2047. 

From the Departments of Surgery anti Modlclno, Columbia University. anti the Cardio¬ 
pulmonary Laboratory of tho Cheat Service (Columbia University Division). Bcllovuo Hospital. 

Investigation aided by a Brant from Tho Commonwealth Fund. 
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Whitaker 16 reported a case of pulmonary arteriovenous fistula with a family 
history of telangiectases. One of our patients gave a history of multiple 
telangiectases in three generations. 

The symptoms in arteriovenous fistula of the lung tend to vary, depending 
partly on the degree of polycythemia. The patient may he asymptomatic, but in 
most of the cases reported symptoms have been noted. Cough is only an occa¬ 
sional complaint. Dyspnea on exertion is often present, particularly if the 
arteriovenous shunt is large. Hemoptysis may occur and sometimes the bleeding 
is severe and may even be fatal. 2 There are usually no symptoms of pulmonary 
infection, but one of our patients developed septicemia due to bacterial endar¬ 
teritis occurring in the arteriovenous fistula. Headache occurs in patients with 
marked polycythemia and one patient had epileptiform seizures. 14 Epistaxis 
is not infrequent. 

The physical findings in arteriovenous fistula of the lung may vary. Ap¬ 
proximately one-half of the patients have hemangiomas elsewhere, particularly 
around the head. Telangiectasia of the lips is common. Polycythemia and 
clubbing of the fingers and toes are present in those patients with cyanosis. 
There is often a history of cyanosis dating from early life, and in some cases 
this was noted shortly after birth. The cyanosis tends to become worse as the 
patient grows older. The cardiac findings are normal. The heart is not en¬ 
larged. In about half of the cases a murmur may be heard over the portion of 
the lung field where the arteriovenous fistula is located. The murmur tends 
to be loud er during inspiration, and may be almost continuous^ in character, 
often withsystolic accentuation. The roentgen findings are rather characteristic. 
One or more areas of density in the lung field may be noted. The shadow may 
be somewhat rounded, but often has an irregular border and sometimes the 
margin is wormlike. Pulsation may be noted on fluoroscopy. The density is 
usually continuous with the vascular markings, and the vessels leading to it are 
usually enlarged. Stereoscopic mews and planograms may demonstrate the con¬ 
nection with the pulmonary vascular tree to better advantage. Angiocardio¬ 
grams confirm the diagnosis (Pig. 1). It would seem advisable to perform 
angiocardiography in every case of arteriovenous fistula of the lung prior to 
operation, since by this method multiple arteriovenous fistulae which are not 
obvious on a routine roentgenogram may be demonstrated. In approximately 
one-half of the reported cases, multiple lesions in the lung have been found. 
Lesions occurring at the pulmonary bases may be obscured by the cupula of the 
diaphragm and those in the medial portion of the left base may be obscured by 
the cardiac shadow. 

The laboratory findings in cavernous hemangioma of the lung are depend¬ 
ent upon the size of the shunt from pulmonary artery to pulmonary vein. The 
red blood cell count may be as high as eleven million, and a hemoglobin as 
high as 23.7 Gm. has been reported. 15 In one case the hematocrit was 80 per 
cent. The blood count may be normal if there is no significant shunt between 
the pulmonary artery and vein. An arterial oxygen saturation at rest as low 
as 70 per cent has been recorded. In one of our patients the resting arterial 
oxygen saturation was 74 per cent, but on exercise it dropped to 59 per cent. 
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Cavernous hemnngioinn of the lung with polycythemia must be differen¬ 
tiated from other lesions which produco an abnormally high erythrocyte count. 
In the past, diagnoses of polycythemia vern have been erroneously made. Tho 
absence of splenic enlargement should aid in differentiation. Hirsch* has re¬ 
ported pulmonary lesions in polycythemia vern which wero probably caused by 
intravascular thrombosis. These lesions can bo differentiated from pulmonary 
arteriovenous listulno by their changing character on serial films and their 
tendency 1o clear. Tho absence of any clinical or roentgen evidence of cardiac 
abnormalities should differentiate pulmonary cavernous hemangiomas from con¬ 
genital cardiac lesions. Polycythemia due to diffuse pulmonary disease and 
chemicals must be ruled out. 



Fig. 1.—Anglocardlogmm «hows Inrgo arteriovenous aneurysm In right lung outlined by 
dlodraflt. NotO tho largo pulmonary voln loading from tlio vascular moss. (Courtesy of Dr. W. 
Simman.) 

Cases of cavernous hemangioma without polycythemia and cyanosis may bo 
suspected on tho basis of a murmur heal’d over tho involved portion of tho 
lung. If no murmur is audible, it may not lie possiblo to establish the diagnosis 
by tho roentgen nppearanco alone unless the contour of tho shadow strongly 
suggests a vessel. In such eases, angiocardiography will be conclusive. Mur¬ 
murs may also bo produced by arteriovenous fistulae in the chest wall. 

Malignant hemangiomas may occur in the lung ns elsowherc. 3 ' *■ 1T They 
are very rare and do not produce the signs of pulmonary arteriovenous fistulae. 
The tumor, however, may bo very vascular. Usually tho metastascs are wide¬ 
spread. 
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The chief and most common complications of arteriovenous fistula of the 
lung are those associated with polycythemia. Hemoptysis has occurred in the 
minority of eases, but is a potential hazard because of the severity of the bleed¬ 
ing which may occur. The possibility of bacterial endarteritis exists in any 
ease of arteriovenous fistula, irrespective of its location. 

The treatment of pulmonary arteriovenous fistula is surgical excision. 
Since the lesions may be multiple, and because of the possibility of additional 
arteriovenous fistulae becoming manifest later, conservation of pulmonary tissue 
is indicated. Local or segmental resection of the huig is feasible in some cases. 
Usually either lobectomy or pneumonectomy lias been required, depending upon 
the size and location of the vascular channels. Because of the possibility of 
associated vascular anomalies, one should be certain that adequate channels 
for the return of blood to the left heart remain. In the case reported by Jones 
and Thompson, 12 a single pulmonary vein was present. Had this not been rec¬ 
ognized and only a lobectomy performed, the returning blood flow from the 
remaining portion of the lung would have been obstructed. 

In two cases of arteriovenous fistula of the lung reported in the literature, 
an attempt was made to lessen the blood flow through the shunt by the induc¬ 
tion of a pneumothorax. 7 ’ 12 A good collapse of the lung was obtained in both 
instances, but after several months of pneumothorax there was no appreciable 
change in the degree of polycythemia. The results indicate that collapse of 
the lung causes little change in the amount of blood passing through the arterio¬ 
venous fistula. 

CASE REPORT 

M. F., a 20-year-old woman, stated that her fingernails and lips had been blue as long 
as she could remember. Her mother was uncertain as to whether she had been "blue" at 
birth, but had noticed increasing cyanosis since infancy. Clubbing of the fingers had been 
present for many years. She tired easily on exertion and showed some dyspnea. These 
symptoms had become more marked in the past few years. In 1941 a chest roentgenogram 
had revealed an area of density in the right lower lobe (Fig. 2), but the nature of the 
lesion was not recognized. Epistaxis had occurred frequently since 1944. In February, 1944, 
an abscess appeared in the right ankle region. This healed slowly after drainage. In the early 
part of 1946 an abscess developed over the heel on the same side. It was incised and pus 
containing nonhemolytic streptococci was obtained. Drainage had continued for four weeks 
when the patient suddenly became acutely Ill with a high fever. On admission to the hospital, 
in March, 1946, a roentgenogram of the chest showed a defect in the sixth rib on the left side 
and a diagnosis of osteomyelitis of the rib was made. The chest roentgenogram (Fig. 3) also 
showed a dense area at the right base which was considerably larger than that seen on the 
x-ray film taken five years previously. While in the hospital the patient ran a febrile course 
and a blood culture taken on admission was positive for nonhemolytic streptococci. A left¬ 
sided empyema due to the same organism developed, and was treated by intrapleural instilla¬ 
tions of penicillin combined with large doses by intramuscular injection. Sulfadiazine was 
given by mouth. 

Physical examination revealed cyanosis of the mucous membranes, fingers, and toes. 
Clubbing of the fingers and toes was marked. Acne vulgaris of the face, chest, and back 
was present. There was marked myopia and internal strabismus. The thyroid was slightly 
enlarged. Heart sounds were normal; no murmurs were present. The blood pressure was 
100/70 mm. Hg. An electrocardiogram was normal. At the base of the right lung posteriorly 
a continuous murmur could be heard over an area several centimeters in diameter. The 
murmur was louder during inspiration and there was slight systolic accentuation. The area of 
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Fig. 2. Fig. 3. 


Fig. 2.—Roontgenogram in 19(1 showed nn area. of density In the right lower lobe. 

Fig. 3.—Roontgcnogrnm In 101(1 showed density over the left homithorax due to empyema. 
A defect In the left sixth rib. due to osteomyelitis, lit present. The area of density at the right 
base, which Is the arteriovenous flstuln, 1ms enlarged considerably In the Are-year Interval. 



A. B. 

Fig, 4.—A, Roentgenogram of chest taken before operation for arteriovenous fistula. The Toft 
sided ompyema has cleared. B, Oblique view shows aneurysmal sac above diaphragm. 
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tlie murmur corresponded with the location of the density seen in the right lung field on the 
roentgenogram. A diagnosis of bacterial endarteritis occurring in an arteriovenous fistula of 
the right lower lobe of the lung was made. Because of the presence of the left-sided empyema, 
no surgical intervention for the arteriovenous fistula in the right lung was feasible at this 
time. Over 12 million units of penicillin were given during a four-week period. Sulfa¬ 
diazine was continued for many weeks and the temperature gradually approached 
normal. The osteomyelitis of the rib and the empyema subsided. The blood cultures 
remained negative after the first few weeks of illness. Excision of the arteriovenous 
fistula of the right lung was delayed until the pleuritic reaction on the loft side 
had thoroughly subsided (Pig. 4). During the interim a maintenance dose of one gram 
of sulfadiazine daily was given. Several months after the septicemia had cleared, the 
bruit at the base of the right lung was heard only with difficulty. Angiocardiogram con¬ 
firmed the diagnosis of pulmonary arteriovenous fistula (Pig. 1). At operation on Nov. 20, 
1946, a right lower lobe lobectomy with escision of the arteriovenous fistula was performed. 
Because of the patient’s marked polycythemia, infusion was given prior to operation to 
lessen the hazard of intravascular thrombosis. Only blood plasma was given during the 
operative procedure. The pulmonary artery to the lower lobe was found to be tremendously 
enlarged and very thin, while the vein from the lower lobe appeared normal. This thinning 
out of the wall of the artery, which is also present in peripheral arteriovenous fistulae, has 
been called venafication of the artery. The aneurysmal sac was densely adherent to the 
diaphragm, due to a chronic inflammatory reaction. The color of the patient improved as 
soon as the artery was ligated. 



Fig. 6.—Photograph of specimen showing aneurysmal s ac of arteriovenous fistula of the lung. 

The excised lobe of the lung revealed a large, thin-walled pulmonary artery which 
entered a large sac with some recesses. Another opening in the thin-walled sac led to the 
pulmonary vein. On a ridge on the inner aspect there was a thickened area which probably 
represented the site of previous vegetations. It required 150 c.c. of solution to distend the 
vascular channels of the cavernous hemangioma. The sac alone had an 80 c.c. volume (Pig. 5). 

The postoperative course was essentially uneventful. The right upper and middle lobe 
expanded well (Fig. 6). The postoperative drop in red blood cell count and hematocrit was 
more pronounced than could be accounted for by the estimated blood loss at the time of 
operation. 
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Studies of tho respiratory and circulatory function wore dono boforo operation and on 
four occasions (luring tho ensuing six months (Charts I, II, III). Before operation tho 
long volumes were normal (Chart I), but tho oxyhemoglobin saturation of tho arterial blood 
wns 74 per cent at rest and dropped to 50 per cent after tho standard oxcrciso tost 
(Chart H). Tho oxygon content of tho arterial blood wns 20.0 volnmos per cent and of 
tho mixed venous 10.4 volnmos per cent. Cardiac cat ho tori tat ion studies rovcnled a normal 
cardiac output nnd normal pressure relationships in tho right auricle, right ventricle, and 
pulmonary artery (Chart III and Fig. 7). Tho shunt through tho nrtoriovenous aneurysm 
was estimated to bo 58 per cent of tho total blood flow at rest. Plasma volumo was normal 
nnd total blood volumo svas inerensed due solely to tho lnrgo volumo of red colls; tho 
hematocrit wns 70 per cent. 


Chart I. Observations on tub Lung Volumes, tub Maximum Breathing Capacity, and 
■me 8 cr a rate FuxcnoNB or the Bight Lung in a Care or Pulmonary 

ARTERIOVENOUS FISTULA 


M.F. 20 vr-uis 

predicted 1 

BEFORE 

OPERATION 

TTVE MONTHR 
Armt 
OPERATION 

Vital capnclty (liters) 

3.0 

3.3 

2D 

Besidual air 




Total lung volume * 

20 

20 

34 

Maximum breathing capacity (liters per 

00 

74 

81 

minute) 




Bronchosplromotrv (porcontngo of total func- 




tlon on the right side) 




Vital capacity 

53 

57 

38 

Ventilation 

53 

49 

40 

Oitroti Intnto 

53 

42 

25 

CitAnT II. Odbeiwatioks ok the Blood Volumes axd Oxvoek Teanstoct 

in a Case or 

Pulmonarv AirmtiovENous Fistula 





SIX MONTHS 



BEFORE 

A ITER 

MJ. 20 YEARS 

normal 

OPERATION 

OPERATION 

Blood volumes 




(c.r./Sq.M.B.S. A.) * 




Total volumo 

2,700 

4,800 

2,170 

Plasma volumo 

1,000 

1,400 

1,850 

Bch! cell volumo 

1,100 

3,340 

820 

Hematocrit (%) 

40 

70 

30 

Beil cell count (million) 

5.0 

CD 

4.4 

Hemoglobin (Gm.) 

14.5 

22 

13 

Oxyhemoglobin saturation (%) 




At rest 

00 

74 

90 

Aftor exercise 

00 

59 

90 


•o.C./Sq.M.B.8.A. = Cubic centimeters per sQimro moter of body surface area. 


Chart UL Blood Pressures in the Bight Heart and Pulmonary Artery, and Cardiac 
Output* in a Case or Pulmonary Arteriovenous Fistula 


PRESSURES (MM.1IO) 


M.r. £0 YEARS I 

1 SYSTOLIC 

1 DIASTOLIC | 

MEAN 

Brachial artery 

97 

69 

78 

Pulmonary artery 

17 

8 

12 

Bight ventricle 

17 

4 

__ 

Bight auricle 

— 

— 

3 


♦Systemic blood flow (Cardlao Output) = fl.24 L./Sq.M.B.8.A./mln. Arteriovenous shunt 
= ns per cent of total pulmonary blood flow. 
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After lobectomy the blood volume and hematocrit returned to normal within four days. 
The oxyhemoglobin saturation of the arterial blood likewise returned to normal at rest but 
showed a small drop to 90 per cent after the standard exercise. The tendency for the 
arterial oxyhemoglobin saturation to be slightly low during exercise has persisted but has 
not increased, and it has been shown not to be due to a low partial pressure of oxygen in 
the alveolar air. The evidence suggests that during exercise a small proportion of venous 
blood fails to become oxygenated in the lungs. Whatever the nature of this shuntlike 
mechanism, it is so small as to be of no functional importance. 



Fig. C.—Postoperative roentgenogram shows good expansion of the right upper and middle lobes 

following lower lobe lobectomy. 

An interesting finding during the postoperative period was a high partial pressure of 
carbon dioxide in the arterial blood. This was still present after two weeks but had 
returned to normal four months later. Preoperatively the partial pressure of carbon dioxide 
in the arterial blood was somewhat elevated because of the admixture of venous blood by 
way of the pulmonary shunt. After operation the maintenance of a high arterial carbon- 
dioxide pressure can have resulted only from a high alveolar carbon dioxide, due in turn to 
hypoventilation. This finding is probably a manifestation of the effect upon the respiratory 
center of the change in acid-base relationships occurring after closure of the pulmonary 
arteriovenous shunt. No such change occurs in a peripheral arteriovenous shunt. 

A comparison of the physiological effects of peripheral and pulmonary 
arteriovenous fistula is of interest (see Chart IV). According to Holman, 0 
ail arteriovenous fistula between an artery and vein in the greater circulation 
results in an increase in the blood volume. The plasma and red cell volume 
are both increased proportionately so that the hematocrit, remains essentially 
normal. In pulmonary' arteriovenous fistula, however, the increase in blood 
volume is due solely to the increase in red cell mass while the plasma volume 
remains normal. The cardiac output is markedly increased in the presence of 
a large peripheral arteriovenous fistula, whereas we found a normal value in 
the one case of large pulmonary arteriovenous fistula in which the cardiac out¬ 
put was determined. Cardiac enlargement, mainly due to dilatation, is an 
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important finding in large peripheral arteriovenous fistula. No onlargoinent of 
the heart has been olisen'ed in tho reported eases of pulmonary cavernous he¬ 
mangioma, and this may lie related to the normal pressures in the right ventricle 
and pulmonary artery and normal cardiac output found in the case studied by 
cardiac catheterization. Following elimination of a long-standing peripheral 
arteriovenous fistula with n proved increase in blood volume, there occurs a 
temporary concentration of hemoglobin and an increase in red cells per cubic 
millimeter of blood. A drop in the hematocrit and crythroevto count occurs 
after elimination of a pulmonary shunt. 



Kiff. 7.—'Tracings of (he pressure in (ho hmchlnl nrtety ami right ventricle. -VIZ pressures in 

mm. He. 

A = Pressure ns recorded from bmchlul nrtory (scale to left). 

V — Prossure as recorded from right vontricle (scnlo to right). 

ECO “ Normal Load II. 


Chart IV. pj nr biological Effects oh the Circulation; Contrast Between Larce 
Sybtemio and Laroe Pulmonary Arteriovenous Fistula 


1 

ARTERIOVENOUS 

FISTULA 

SYSTEMIC | 

PULMONARY 

Total blood voluino 

Increased 

Increased 

Total plasma volume 

Increased 

Normal 

Homntocrit 

Normal 

Increased 

Oxyhemoglobin saturation 

Normal 

Decreased 

Cardiac outpnt 

Increased 

Normal* 

Cardiac enlargement 

Present 

Absent 


•One determination. 
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SUMMARY 

Cavernous hemangioma of the lung may result in a p ulm onary arterio¬ 
venous fistula with the development of cyanosis, polycythemia, and clubbing of 
the extremities, but these signs are absent in those pulmonary hemangiomas 
which do not result in a significant degree of shunt between the p ulm onary 
artery and vein. * 

A case of arteriovenous fistula of the lung with superimposed bacterial 
endarteritis successfully treated with parenteral penicillin followed by surgical 
removal of the involved portion of lung is reported. 

A summary of the preoperativc and postoperative study of the cardio- 
circulatory and pulmonary function, including information obtained by cardiac 
catheterization, is presented. 

The physiological alterations produced by an arteriovenous fistula in the 
peripheral and pulmonary circulation are compared. A peripheral arteriovenous 
fistula increases all elements of the blood volume proportionately, increases 
cardiac output, and causes dilatation of the heart. In contrast, a pulmonary 
arteriovenous fistula increases only the red cell mass, and has little or no effect 
on cardiac output and cardiac dynamics. 


The authors wish to acknowledge their indebtedness to Dr. Andr6 Coumand for his 
guidance and advice. 
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DISCUSSION 

DR. JtfCIIARD II. SWEET, Boston, Mass.-—Wo nro indebted to Dr. Muicr for hie 
singularly lucid presentation of tliln interesting subject, and particularly for Ids very ade¬ 
quate physiologic studies which explain the mechanism of soma of tho interesting findings. 

Its relative rarity in our cumulative experiences Is such that somo slides of two such 
patients out of three whom I have seen in the last two years might bo of intorost. 

(Slido.) This is a young woman of 23 years, who Buffered very few physical limita¬ 
tions. Her only complnint was that she disliked being nbont, among people. Her 
rensons for linving something dono were largely social. 

(Slide.) This slido is not ontirely satisfactory, but it does show that tho middlo lobe, 
held by the assistant ’* hands, looks as thought it has a hemangiomnnous lesion in it. There 
is ono tie on nn enormous pulmonary artery and another on a vory largo pulmonary voin. 

(Slide.) This shows a specimen which indicates that thoro was tlds largo vascular lako 
in the middle lobe, which was tho location of tho lesion. 

(Slide.) Tills slido shows tho young woman several months Intor, and it is obvious that 
rynnosis nnd clubbing hnve almost disappeared. 

(Slide.) This is a littlo child who wns cynnosed from birth. In fact, wo hnvo x-rayB 
of this patient at tho ago of ono week which show tho snmo findings wo see in tho noxt slide. 

(Slide.) Tills large area in tho right lung field shows also that this lesion is in tho 
middle lobe. This seems to bo tho characteristic location. 

(Slido.) Tho specimen wnR purposely filled with blood by tying tho voins before tho 
nrtcry, and you seo these largo vascular areas. 

(Slide.) This slido shows tho child a few weeks following tho oporotion, nnd he, like¬ 
wise, apparently has vory few symptoms. Even before operation he was a protty normal 
youngster. 

I havo seen a third patient—upon whom I intend to operate—who also 1ms a lesion in 
tho middlo lung field. Tho third patient, however, docs not Imvo cyanosis, nnd I would liko 
vory much to havo Dr. Maler comment on tho typo of caso where there is no cynnosis present. 

DR. PAUL 0. SAMSON - , Oakland, Calif,—I wish to present briefly tho liistory of a 23- 
year-old man who recoatly underwent exploration for nn unidentified infiltrativo lesion of 
the right middlo lobe. At operation, on arteriovenous fistula occupying moat of tho middlo 
lobe wns diagnosed. Tho anomalous nrtcry was a branch of tho upper lobar artory and 
entored tho middlo lobo through nn incomploto fissure between tho nppor and middlo lobes. 
Lobectomy wns porformod without incident. 

A pulmonary shadow was found by a routlno roentgon survoy and tho fistula was not 
suspected prior to operation. There were no localising physical signs in the lung, and tho 
patient did not havo clubbing of the fingers. His hemoglobin was 18 0 m. (115 per cent) 
and tho red blood count wns 5,810,000. Of particular intorost was tho pntlont’s "asthmatic” 
history which was, in largo measure, responsible for our not suspecting nn arteriovenous 
fistula. The patlont was supposed to have had seasonal asthma for tho past nlno years and 
there wns on Indirect report that fluoroscopy of the chest somo four years ago had been nega¬ 
tive. Tills report has not been confirmed. Tho patient had nn allorgic attack considerably more 
marked than usual In February, six weoks boforo operation, no wns admitted to tho hos¬ 
pital in a semiconscious condition with sovoro cyanosis and markod expiratory dyspnea. At 
that Umo there wore numorous musical rfilcs and rhonchl tliroughout both lungB. This attack 
apparently responded to adrenalin, aminophyllin, and bronchoscopy. It will be very inter¬ 
esting to follow this patlont and determine whother the "asthma” may not bo improved or 
even cured by tho removal of tho artoriovonous fistula. 

DR. LAWRENCE M. SHEFTS, Ban Antonio, Texas.'—Thoro arc two points of interest 
in relation to this type of caso that will boar discussion. Ono is the familial tendency and 
the other is the readiness with which phlebothrombosia occurs In these patients bocause of 
oxtromoly high specific gravity of the blood. 

With these points in mind, I would like to present a caso of a patient soon at Brooke 
General Hospital, San Antonio. The patient to be presented is cmo of a family of seven, 
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all of wliom, mother, father, daughter and four sons, presented evidence of telangiectasia 
and hemangioma of the skin and mucous membrane. Two of the family presented evidence 
of arteriovenous fistula of the lung. 

The father of this patient had such hemangiomas of the lips that he could not go out 
in the sunlight or he would bleed from them. This is a very common story, as such patients 
are very sensitive to the sun. He finally had to take a job as a night watchman. He 
eventually died from a pulmonary embolism from plilebothrombosis of the lower extremities. 
He was known to be moderately cyanotic and probably had a marked polycythemia with a 
high specific gravity of the blood. 

(Slides.) These are kodachrome lantern slides of the mother and sister. Telangiectasia 
can be seen on the chests. 

(Slide.) The next is a kodachrome lantern slide of a brother and, though they do not 
show up too well here, he has small hemangiomas on his face and on liis lips. 

(Slide.) This is another brother; the hemangiomas on his lips can be seen more readily. 

(Slide.) On kodachrome lantern slide of the third brother the hemangiomas are readily 
visible. The next lantern slide will show an x-ray on this particular brother. 

(Slide.) In the left lower lung field is an area of opacity which I am sure is an 
arteriovenous fistula. 

(Slide.) This is a lateral x-ray which shows this area of opacity in the lingula. 
Angiocardiography revealed that this was definitely an arteriovenous fistula. 

(Slide.) This is a kodachrome lantern slide of the patient. It is readily visible that 
he had a marked cyanosis with similar areas of telangiectasia and numerous hemangiomas ns 
were seen in the slides of his brothers. He had a polycythemia of 8,992,000; hemoglobin of 
125 per cent; blood specific gravity of 1.0G8. He had had a previous history of thrombosis 
of the veins of his leg. Plasma specific gravity was 1.02S; plasma protein 7.82; hematocrit 
58 per cent; blood oxygen saturation: blood hemoglobin, 22.7 Gm. per 100 e.c.; femoral 
artery, 19.05 volumes per cent of oxygen; venous blood, 11.09 volumes per cent oxygen. 
Therefore, the per cent of saturation of arterial blood was 63 per cent and venous blood 
was 40 per cent saturation. 

(Slide.) This x-ray reveals the mass to be in the right hilar region and the next 
slide, revealing a lateral dew, shows it to be in the posterolateral portion of the right 
lower lobe. 

(Slide.) This is an x-ray of an angiocardiography that was done, and, although it is 
not as clearly defined as the excellent one Dr. Maier showed, you can see that it is the 
same density as the heart. 

(Slide.) This kodachrome lantern slide is taken during the operation after mobilization 
of the right lower lobe. It shows a large fist-sized mass in the posterolateral portion of the 
right lower lobe. 

(Slide.) Another kodachrome lantern slide taken during operation after a similar mass 
was freed from the subclavian vessels shows another arteriovenous fistula in the apex of 
the right upper lobe. Scattered throughout the right middle and the lower portion of the 
right upper lobes were numerous % to 1 cm. large, bluish-black hemangiomas, and, although 
these did not pulsate as the larger one in the lower lobe and the one in the apex, it was 
felt that these, too, were arteriovenous fistulas. There were seven of these altogether and 
it was then decided that a total pneumonectomy rather than a lobectomy with numerous 
segmental resections would be done. 

(Slide.) This is a kodachrome lantern slide taken of the patient’s face the moment 
after the pulmonary artery was tied. The immediate change in color is obvious. 

(Slide.) This is a picture of the patient one week postoperatively with no cyanosis. 

(Slide.) The clubbing of his fingers has remained. 

He developed postoperatively a thrombophlebitis in spite of the fact that he received 
no whole blood during operation. Only plasma was given in an attempt to reduce the 
specific gravity of his blood. I did not feel it safe to rely only on anticoagulants with a 
patient who had only one lung and, therefore, very promptly tied off both of his super¬ 
ficial femoral veins. 
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This cum?, I bollevc, demonstrates clearly tlio rcmarknblo familial tomlonev of this 
disease and also the complications of handling such a patient with a high specific gravity of 
hi o ml. 

Dll. FBAXCTS It. X. BYKOX, Ann Arbor, Midi.—X would like to present u ease that 
lias l>cen encountered within the Inst fifteen months, l>eenuso it illustrates something which 
has not been brought out in previous discussion. 

(Slide.) This patient wns 27 years of age, and lmd been cyanotic sinco birth. Her 
red count was 8% million. 

(Slide.) This shows the lateral chest x-ray, demount rating the pulmonary opacity. 
Tt wns thought to be in the middle lolic, but at operation It wn» found to bo in the nntorlor 
surface of the lower lobe. 

(Slide.) The probo to your left Is through tlic pulmonary artery, tho lower end of 
that probe, emerging through tho inforior pulmonary vciu, demonstrates a direct shunt from 
the artery to tho vein. There was no murmur, and no thrill on ]>nlpitation. 

The thing this patient illustrates is that tho cynnosis may not immediately disappear. 
We were very disappointed because she continued to be somewhat cyanotic, and to have 
nn elevated red count. Wo felt that perhaps wo had missed nnothcr arteriovenous shunt 
elsewhere, but wo have followed her for about fourteen months and we luivo found that 
each time she appears at tho hospital, there is a decrease in her red count. One should not 
Ik* disappointed if there is not nn immediate fnll in tho rod count or rapid disappearance 
of cyanosis. 

DIt. DEWEY DI8GABD, Omnlm, Neb.-—It is becoming increasingly apparent that 
this lesion is not ns rare ns wo once thought. Tt was first reported in 1042, and well over 
twenty coses have accumulated in the last five years. It wns probably misdiagnosed and 
not recognized in tho past 

I have one case to go over briefly. This man was 20 years old. ITo had increasing 
cyanosis following an upper rcspirntoiy infection eight years previously, and for three 
years ho had dyspnea, nsthmatlc sort of nttneks, and brief periods of loss of consciousness. 
For three months he had not been able to work because of tho dyspnea. 

(Slide.) On physical examination, ho had hemangiomas of tho lips, nnd moderate 
eynnosis with slight clubbing of tho fingers and toes. A continuous murmur could be 
heard over tho right lower lobo where you seo this lesion in the lung field, and this murmur 
was accentuated on inspiration and diminished on expiration. It wns heard over the eighth 
rib, posteriorly. I think you can seo two branches lending off medially from this lesion. 
This is characteristic. 

(Slide.) I did a riglit Jovror lobectomy and this is the film of tho Injected spocimon. 
One pipette is in tho nrtery nnd one in tho vein. The artery wns injocted with barium 
and tho film shows tho filled hemangioma. 

(Slide.) Tills is the man before operation, and I think you can seo the hemangiomas 
of the lip, somo clubbing, nnd moderate cynnosis. 

(Slide.) Following operation, there wns prompt clearing of tho cyanosis, A mod- 
ernto preopomtivo polycythemia and polyemia, nlso recoded rather quickly. 

(Slide.) This is tho snmo patient, two weeks post operatively. 

DB. OSLEB ABBOTT, Atlanta, On.—I wish to present, very briefly, n different ty/w 
of un arteriovenous communication in tlio lung, in which wo apparently carried out an 
incorrect plan of attack. 

This was in the ease of a child 14 years of age, who was admitted with a fairly 
typical syndrome of tetralogy of Fallot. He had the additional finding of a venous hum 
over the uppor left chest. Preoperatively, the question of pulmonary arteriovenous fistula 
or Inadequate persistent ductus arteriosus was considered. 

At the first operation, done through the left side because of a right-sided aortic arch, 
we encountered an abnormal, large vein traveling from the superior vena cava to the first 
division of the left pulmonary artery, and at this point nn aneurysmal area wns found. 
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Considerable time was lost in study, dissection, and evaluation of tlie hydrostatic pressure 
on each side of the fistula. The pressure differences were not striking, but we removed 
the abnormal vessel and the aneurysmal communication, and repaired the left pulmonary 
artery. This appeared to be sufficient surgery at tliis time so that the second stage was 
carried out two months later. It was interesting to note that during the interval his 
cardiovascular function was definitely not improved, and the hematocrit had risen seven 
points. We now are of the opinion that the blood had originally been flowing from the 
vena cava into the pulmonary' arterial system, and was probably proving to be of partial 
benefit to the patient. I feel, therefore, that if this anomaly is again encountered that 
it is much more important to treat the underlying tetralogy than the associated arterio¬ 
venous fistula. 

DR. HERBERT C. MAIER, New York, N. Y.—I assume that in those cases of arterio¬ 
venous fistula with absence of cyanosis, the shunt is largely concerned with the bronchial 
vascular system. Such patients may have a louder murmur than some with a large shunt bo- 
tween the pulmonary artery and vein. However, actual proof of that hypothesis is not avail¬ 
able at this time, and I feel that it would be desirable if these lungs would be thoroughly 
studied from the standpoint of the bronchial arterial system as well ns the pulmonary' system 
by injecting the vascular tree of the surgical specimen. 

Tn the case which I presented there was considerable blood loss at operation, due to 
the inflammatory reaction where the aneurysmal sac was adherent to the diaphragm. But 
even allowing for that blood loss, we feel that the drop in the hematocrit from 70 to 34 
in a few days cannot easily be explained on that basis alone. 
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SURGICAL TREATMENT OP THE SOLITARY LUNG METASTASIS 

Donald B. Effler, M.D., and Brian Blades, JLD. 

AVasiuxotox, D. C. 

T HE ideal treatment of malignant disease is adequate surgical oxcision before 
the appenrnneo of extension or metastasis. Since long tissuo is ono of the 
more common sites of metastasis, radiologic examination of tho thorax is ono 
of the essential examinations of a cancer patient. Too frequently surgical inter¬ 
vention is abandoned on tho premiso that the presence of a pulmonary metastasis 
renders the prognosis hopeless. There is evidence at tho present time to indicate 
that this conclusion is not always justifiable. It now appears likoly that tumors 
have been removed in which there wns ovidcnco of a solitary lung metastasis and 
a euro was effected. Tho pulmonary lesion may have been present boforo initial 
surgery or detected at a much lator date. Subsequent, oxcision of the secondary 
lung tumor in a fow of tlicso patients has yielded promising results. 

The term “solitary' metastasis’’ is used in the broad senso. Actually, it is 
intended to mean that only ono metastasis could bo demonstrated at tho timo 
tliat excisional surgery was contemplated. Undiscovered and asymptomatic 
lesions may bo present and assert themselves later. 

REVIEW OF LITERATURE 

A roview of tho litoraturo to date reveals littlo information on the subject 
of surgery for tho solitary lung motastasis. Duo to tho paucity of reported 
cases it must bo assumed that there have been very fow successful attempts to 
extirpate both a primary' malignant tumor and associated solitary lung metastasis. 

Tho outstanding caso roport of its kind is that submitted by Barney and 
Churchill in 1938 and again in 1944. This patient was subjected to operation 
in April, 1932, for an adenocarcinoma of the kidney. Ono year beforo operation 
a nodule in tho loft lung was detected by roentgonogram, and observation 
revealed a gradual increase in its size. X-ray therapy was employed following 
nephrectomy in an effort to obliterate the pulmonary lesion, but without apparent 
chango. On July 18, 1933, thoracotomy was performed by Dr. E. D. Churchill, 
and approximately two-thirds of tho loft upper lobe was removed. The patient 
made an uneventful recovory from this procedure, and has been reported os alive 
and well thirteen years later. In 1943, Brezina and Lindskog reported a success¬ 
ful pneumonectomy in a 65-ycar-old woman, who is believed to have had a 
motastasis from an adenocarcinoma of the uterus. This case is of particular 
interest since the patient had been subjected to a hysterectomy thirteen years 
earlier. At the time of her first operation, tho gross diagnosis of uterine car¬ 
cinoma was offered, although no microscopic studies were made. The removed 
lung showed a solitary metastasis of uterino adenocarcinoma. In 1941, Raine 
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Fig. 1.—Case 1 . Reproduction of specimen following supracondylar amputation of right 
leg. The normal soft tissue of the posterior leg has been dissected away, exposing the primary 
tumor mass which is identified microscopically as malignant synovioma. 



jr>£rr 2_Case 1. Reproduction of roentgenogram made before amputation. The large solitary 

" metastasis of the right middle lobe is clearly evident. 
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reported n successful imeumciuectomy that was performed for n solitary metas¬ 
tasis invading- the right main-stem bronchus. The primary source of this tumor 
was in the rectum, which had las'll removed eight months prior to admission. 
At the time of this case report, (lie patient gave evidence of involvement of the 
tumor elsewhere in the body. Blalock has two cases in which the patient has 
apparently lamented by extirpation of a solitary lung metastasis. In Septcmlier, 



Fig. 3 .—Cilbo 3. Lntoml view uliow* the anterior position of the solitary metnatflids In tho right 

middle lobo. 

1913, lie performed a right total pneumonectomy on a 57-year-old man who had 
ovidenco of a tumor in the right lower lobo. Microscopic studies revealed the 
lesion to bo a metastatic tumor, adenocarcinoma of the rectum. This patient had 
been subjected to bowel resection for tho primary tumor in 1939. Blalock’s 
second caso is more rcmarknblo in that the pntient is 09 years of age. In 
Deccmbor, 1912, she was operated upon at tho Johns Hopkins Hospital and a 
resection of the cecum for carcinoma was performed. Soveral years later she 
developed symptoms of pulmonary disease nnd returned for re-examination. 
Roentgen stndies revealed the presence of a tumor in the left lung. This lesion 
was discovered in August, 1910, approximately six montlis after tho onset of 
her pulmonary symptoms. A left total pnoumonectomy was performed in 
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December, 1946, and the patient made an excellent recovery. Tissue studies 
confirmed the diagnosis of a metastatic tumor arising from an adenocarcinoma 
of the cecum. Five months have elapsed since operation, and the patient appears 
to be in good health. In October, 1946, Flick operated upon a 36-year-old woman 
for a solitary tumor of the right middle lobe. The patient had complained of 
hemoptysis of six weeks’ duration prior to operation and roentgenogram of the 
lung fields revealed the presence of the round neoplasm which measured 4 cm. 



in diameter. In 1938, the patient had been subjected to excision of a mass 
in her left thigh. The tissue diagnosis of liposarcoma was established. There 
were no local recurrences or distant metastases noted until the appearance of 
the pulmonary lesion eight years later. After lobectomy the diagnosis of 
metastatic liposarcoma was confirmed. The patient’s immediate postoperative 
course was uneventful and at the present time she appears to be in excellent 
health. 
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CASE HISTORIES 

Three cnso histories arc presented at this time becauso of their unusual 
intorcst. In each case, tlio primary tumor was identified and successfully 
removed. Ono patient had a solitary lung metastasis at the timo of his admission. 
The other two developed solitary pulmonary lesions after discharge from tho 
hospital. In each case the solitary lung metastasis was removed with apparent 
benefit to tho patient. 



Fig. B.—Caso 2 . A roentgenogram of tho cheat made In September, 1044. one month prior 
to bowel resection for adenocarcinoma of tho sigmoid colon. Thore I* no evidence of pulmonary 
metastasis demonstrated. 

Case 1.—-A 23-year-old wklto soldier web admitted to the Walter Bccd General Hospital 
on Aug. 22, 1045. The chief complaint on admission was a painless mass in the calf of his 
right leg. In 1043 ho first noted that tho right leg was slightly larger than the loft. The 
swelling gradually increased nntil Fobruary, 1045. Tho past history was of interest in that 
he was hospitalised ono week in July, 1044, for a sharp pain in the right chest, but there 
was no cough or sputum. Examination on admission showod marked enlargement of the 
right calf. The involved area was firm and showed slrin striae. The right calf measured 20% 
inches and the left calf about 15 inches. Boentgen studies revealed a huge tumor extending 


32 


THE JOURNAL OF THORACIC SURGERY 



Fig. 0.—Case 2. Roentgenogram made In August. IMG. at the Walter Reed General Hospital. 
The solitary metastasis in the right upper lobe is easily Identified. 



yjg-.' 7._ Case 2. A photomicrograph made from the solitary metastasis of the right upper lobe. 

Pathology diagnosis Is adenocarcinoma, metastatic, from the large bowel. 
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from tho popltcnl space to a point 20 cm. l>dow tlio knee joint. Tlioro was extensive calcifica¬ 
tion of the moss. Tho tibia and fibula appeared to be normal. Examination of tho chest 
revealed a solitary lesion about 4 cm. in diamotor that appeared to bo in tho right middle lobe. 
On Sept. 4, 3045, a supracondylar amputation of tho right leg rvas performed. Tho tumor 
mu found to be a lobttlnted mass that was fairly well cncnpaulnfcd. Thcro was ovidcnco of 
Infiltration of the neoplasm into tho tlblal vein. The final diagnosis was malignant synovioma 
with Infiltration of tho posterior tlblal vein. On Nov. 7, 3045, an exploratory thoracotomy was 
Informed. Tho principal finding at operation was a tumor mass that was localized to tho 



Fie. 8.—Case 3. Roentgenogram of the chest showing largo solitary metastasis in left lower 

lobe. 

right middle lobo. Thero was no palpablo or rislblo cvidenco of other motnstascs. A right 
middlo lobo lobectomy was performed. Tho diagnosis of motastatic synovioma was confirmed 
by tho 1 Issue study. This patient made an uneventful rocovory from both procedures and was 
fitted for a prosthesis for his amputation. Careful studies rcvcnlod no ovidcnco of other 
ractastascs or local recurrence. Ho was separated from tho servico in March, 1040. It is 
seventeen montlis since pulmonary resection and this patient appears to bo In good health. 

Case 2.—The patient, a Gl-yenr-old officer, was admitted to Walter Reed General Hospital 
on July 24, 1040. He was admittod primarily for administrative reasons aftor serving eighteen 
months of temporary limited duty. According to the patient, ho had.been hospitalized in 
September, 1044, because of lowor abdominal cramps and the presence of bright red blood in 
the stools. After thorough examination, the diagnosis of an annular malignant lesion of the 
sigmoid bowel was established. On Nov. 18, 1944, the patient was operated upon. Tho 
lesion was excised with an end-to-end anastomosis of the colon. Exploration of the abdomen 
revealed no cvidenco of metastasis in the liver, aortic lymph nodes, or adjacent viscera. The * 
pathologic diagnosis was adenocarcinoma of the sigmoid. This man rnado an uneventful post- 
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operative recovery- Roentgenogram studies of the thorax were obtained and the lung fields 
appeared to be normal. On Jan. 19, 1945, the patient returned to limited duty. He was 
readmitted on July 23, 1945, for a complete physical examination, including a roentgenogram 
of the chest. The officer states that he enjoyed excellent health and performed all dutios 
without incident until he was recalled in January, 1946, for examination, and re-evaluation. At 
tliis time a small, nodular lesion was detected on the roentgen film and reported as being in the 
right upper lobe. The patient remained under observation until his admission to Walter Reed 
General Hospital in July, 1946. Careful examination revealed no evidence of local recurrence 
of the neoplasm or metastasis other than the solitary lesion in the right upper lobe. A careful 
review was made of all the chest films that had been made since his entrance to active duty 



Fig. 9.—Case 3. Lateral view showing position of tumor In left lower lobe. 


in 1942. The presence of a solitary metastasis was strongly suspected and surgical exploration 
was advised. The patient was operated upon Sept. 16, 1946, and an exploratory thoracotomy 
was performed. The lesion was easily identified in the right upper lobe and tissue was 
obtained for biopsy. Frozen section examination was reported as showing adenocarcinoma, 
probably metastatic. A right upper lobe lobectomy was performed and the patient made an 
uneventful recovery. Following operation a complete survey was made to uncover any other 
possible metastasis or recurrence of the original tumor.. This survey included physical exam- 
ination and roentgen studies of the thorax, skeletal system, gastrointestinal tract, and the 
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urinary system. At that time, there vraa no ovldenco to suggest tho presence of disease. Tho 
final report from the department of pathology was adenocarcinoma, metastatic, probably from 
bowel. In Febnmry, 1917, the pntlent returned to the "Walter Reed General Hospltnl with 
clinical eridonco of an jntercmnial tumor. Craniotomy was performed and tho lesion removed. 
In tho gross examination tho tumor appeared identical to the pulmonary lesion. Microscopic 
studies revealed that It, too, was adenocarcinoma, metastatic, probably from tho large bowel. 
Tho patient has recovered from this second procedure and nppenrs to bo perfectly well. 
IIo has been released from the Army and has returned home, where ho plans to resume his 
civilian occupation. 
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Fig. 10.—Case 3. Photograph of loft lower lobo Immediately following lobectomy. The tumor 
mans can bo seen underlying tho visceral pleura, on tho diaphragmatic surface of the lobe. 

Cabe 3.—Tho pationt is a 20-ycnr-old wiiito man who was first admitted to the Walter 
Reed General Hospital in August, 1945. Prior to this admission ho had been on overseas 
duty in the 1*001110 thentor. In May, 1045, lie first noted gradual enlargement of tho left 
toatielo. Following hospitalization, the impression of testicular tumor was made and con¬ 
firmed by slmplo orchidectomy. Microscopic tissue studies were made in an army hospital in 
tho Philippine Islands. The reports accompanying the pationt gave the diagnosis of malig¬ 
nant testicular tumor, probably sominoma. The original specimen did not accompany the 
patient during evneuation to tho Zone of the Interior. Following admission to Walter Reed 
General Hospital, complete physical examination was essentially normnl. On Bept. 8, 1945, 
a radical gland dissection was performed to clean out the loft Ulnc and abdominal retroperi¬ 
toneal nodes. Careful microscopic studios of all removed lymph nodes failed to demonstrate 
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tumor tissue. After recovery from this procedure, the patient received intensive million-volt 
roentgen therapy to all the retroperitoneal lymph glands as prophylactic treatment. Radiation 
therapy was completed in November, 1945, and the following month the patient was dis¬ 
charged from the hospital and separated from military service. He states that he felt very 
well and returned to his former civilian occupation. In March, 194G, he reported back to the 
Walter Reed General Hospital for periodic examination. At this time a small round mass in 
the left lower lobe was demonstrated by roentgen examination of the thorax. It was the im¬ 
pression of the roentgenologists that this represented a metastasis from a probable seminoma 
and as such it would be very sensitive to radiation therapy. Tho patient received treatment 
with a total dose of 2,200 volts and remained under observation until October, 1940. The 
neoplasm did not respond to radiation therapy but continued to grow until it was the size of a 



Fig. 11.—Case 3. Photograph of specimen after sectioning. 


hen’s egg. When seen by the thoracic surgical consultant, the patient appeared to be in 
excellent health and had no complaints other than vague discomfort in the loft shoulder. 
There was no evidence of other metastases. On Oct. 24, 1946, exploratory thoracotomy 
was performed. A firm tumor which did not invade tho visceral pleura was found in the 
periphery of the left lower lobe. In addition, there was a single hard lymph node invading 
the wall of the inferior pulmonary vein. No other evidence of neoplasm was discovered. 
A left lower lobectomy was performed without difficulty and the patient made an uneventful 
postoperative recovery. Microscopic diagnosis of the tumor and the involved lymph node was 
teratocaTcinoma with ehorionepithelioma component metastatic from testicular tumor. Ap¬ 
proximately four months after operation the patient returned with clinical evidence of brain 
and skull metastases. Although no tissue biopsy has been obtained, it is evident that the 
patient has an extensive metastatic process at this time. 
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IiLsuitt; or Cares of Solitary Metastasis Hrj'Or.ra) lx the Literatehe 


case| 

TV PE OP PRIMARY | 
TUMOR | 

burgeon 

i APPEARANCE OF 1 

| METASTARES | 

PATE or 
OPERATION 

| PRESENT 

| CONDITION 

1 

Rcnnl adenocar¬ 
cinoma 

Churchill 

12 months prior to 
pneumonectomy 

April, 1932 

Living and well 

- 

Utorino adonocar- 
cinomn 

Llndskog 

13 years after 
hysterectomy 

1943 

Living and well 

3 

Carcinoma of 
rectum 

Raino 

S months nftor ex¬ 
cision of rectum 

3941 

Dead: vlscoral 
motastases nine 
months aftor 
pneumonectomy 
Living and well 

4 

Adcnocnrelnoma of 
rectum 

Blalock 

4 years aftor bowel 
resection 

March, 1943 

5 

Adenocarcinoma of 
cecum 

Blalock 

3i(t years aftor 
bowel resection 

Don, 1940 

Living and woh 

0 

Malignant 

synovioma 

Blades 

Present nt timo of 
nmputntion primary 
tumor 

Nov., 1945 

Living and well 

t 

Adenocarcinoma of 
colon 

Efiler 

38 months after 
bowel resection 

Sopt., 1940 

Solitary motastnsls 
in brain removed 
Fob. 1947. 
.Apparently well 
now 

8 

Liposnreoma of 
tnlgh 

Flick 

S yenrs after excision 
of primary 

Oct., 1940 

Living and well 

9 

Terntocnrclnoma 
of testis 

E filer 

7 months nftor gland 
dissection of rotro- 
poritoneol nodes 

Oct., 1940 

Evidonce of skull 
and cerebral 
motastasos 


CONCLUSION 

The surgical trontmonl of the solitary lung metastasis is indicated in specific 
instances. It would seem reasonable tlmt excisional therapy is indicated where 
the primary tumor has been extirpated and careful search reveals no manifesta¬ 
tions of extension other than the solitary metastasis. It has been pointed out by 
Beers, and later by Bumpus, that motaslases hnvo been known to regress and dis¬ 
appear following romoval of a primary renal carcinoma. Tins is an interesting 
and little understood phenomenon, but certainly it should not bo considered a 
contraindication of surgery for the solitary metastasis. Likowisc, it has been 
observed that solitary metastasis may appear early or very late, as much as ten 
years following removal of the primary tumor. It is difficult to understand why 
the development of tho late metastasis is delayed; howover, it is reasonable to 
assume thnt the chance for a euro in excision of tho solitary metastasis would be 
better when the metastasis appears late. 
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EXTRAPLEURAL PNEUMOTHORAX 

A Late Follow-Up of Eighty-Two Patients Upon Whom 
Ninety-two Operations Were Performed 

Herbert Sullivan, M.D. 

Hamilton, Ont. 

J7 XTRAPLEURAL pneumothorax was first introduced as a method of surgical 
■*— 1 collapse for pulmonary tuberculosis by Tuffier in 1910. It was not widely 
used until Graf of Dresden in 1932 published a series of good results. Like 
most new surgical procedures, it was greeted with great enthusiasm and many 
operations were performed before sufficient experience had been gained in the 
selection of eases. Because of the frequency of complications, this enthusiasm 
has waned until it is now used infrequently in most sanatoriums. In June, 1940, 
a symposium on this procedure was held by the American Association of Thoracic 
Surgeons. In the discussion, doubts were expressed that the late results would 
be as satisfactory as the earl}’. 

This study is based on ninety-two extrapleural operations performed on 
eighty-two patients from October, 1937, to August, 1945. The time that has 
elapsed since operation varies from one year and six months to eight years, but 
the majority of patients have been followed five years or longer. With the 
exception of one patient, x-ray films of all were studied, lesions were classified, 
and progress reviewed. One patient is an Indian squarv, and as we have reports 
on her progress five years after her operation, she has been included. Age at the 
time of operation varied from 12 to 62 years. The 62-year-old patient is now 
67 and working part-time. The pneumothorax was on the right side alone 
thirty-seven times, on the left side alone thirty-five times, and bilateral in ten 
cases. 

selection of cases 

No minimal cases were operated upon. The cases have been classified 
according to the National Tuberculosis Association classification as moderately 
and far advanced. Whether very far-advanced conditions should be operated 
upon is a controversial subject. In order to obtain information on this point, 
desperate risk patients with very extensive involvement or in poor clinical condi¬ 
tion have been grouped together as a separate division, namely, “very far 
advanced. ’ ’ 

Discussion .— (a) Very far advanced: While it is true that only one out of 
sixteen has been returned to full-time work, seven of these desperate cases have 
survived to date. This indicates that perhaps it was worth while subjecting the 
whole sLxteen to operation. An example of this group is seen in Fig. 1. 

(b) Far and moderately advanced: On reviewing the films today almost all 
the patients would have been suitable for a well-planned thoracoplasty and this 
would have eliminated the later hazards of the residual extrapleural space. A 
possible exception is illustrated in Fig. 2. This patient is an actress in whom a 
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Table I.—Present Status of Patients 



MODERATELY 

ADVANCED 

rAK 

ADVANCED 



NO. 

1 7?- 

NO. 

i % i 

1W 

(K9H 

t NO. 

i % 

Deaths 

4 

13.7 

0 

2S.1 

9 

G0.2 

on 


Working full time 

15 

•44.1 

9 

28.1 

1 

0.2 

25 


Working part time 

0 

17.0 

4- 

12.5 

o 

12.4 

12 

14.0 

Unfit for work 

4 

11.7 

9 

28.1 

3 

18.7 

10 


Other treatment necessary 

5 

14.7 

1 

3.1 

1 

0.2 

7 

8.5 

Totals 

34 

100 

32 

100 

10 

100 

82 

E23B 


thoracoplasty with its npullnnt scar and deformity would have made it difficult 
if not impossible for her to earn a living. 

Analysis of Dcntlis. —In this series of eighty-two patients, twenty-two have 
died (2G.S per cent). The average survival time was two yen is and three montlw. 
The latest died six years and nine months after operation. The deaths have been 
divided into early (those occurring within six weeks of operation) and late. 

Early Deaths (Four). —One died of hemorrhage into the cxtraploural space 
on the night of the operation. In one a large cavil}' was opened into at opera¬ 
tion and bronchopleurocutnncous fistnln and tuberculous cellulitis resulted and 
death occurred one month postoperative]}-. Another died one month after tho 
operation from tuberculous colitis with fistula formation nnd generalized peri¬ 
tonitis. The fourth death occurred from rapid progression of tuberculous 
bronchopneumonia on the other side. 

Late, Deaths (Eighteen Cases). —(a) Ten patients died from progressive 
pulmonary tuberculosis due to uasatisfactory collapse obtained by extrapleural 
pneumothorax with subsequent spread of tbc disease and often enteritis. 

(b) One patient succumbed to extension of disease on tbc opposite side 
despite a good collapse obtained on the extrapleural side. 

(e) Four died ns a result of bronchopleural fistula, three of them from 
pulmonary tuberculosis (Fig. 3), nnd one of a staphylococcus pneumonia and 
empyema the result of a spontaneous pneumothorax following aspiration for 
fluid. 

(d) Miliar}- tuberculosis, hemorrhage from peptic ulcer, anoxemia of doubt¬ 
ful etiology each accounted for one death. These were verified by autopsy. 

Present Status of Extrapleural Space. —There are sixty-seven extrnpleurals 
on sixty living patients. 

(a) Space maintained with air — 32. 

(b) Space maintained with oleothorax — 19. 

(c) Alive with re-expansion of lung — 4. 

(d) Alive with persistent fluid usually positivo — 0. 

(e) Alive with further treatment on the cxtraploural side — 7. 

DISCUSSION 

It is our belief that extrapleural spaces are best maintained by air refills. 
The disadvantage is the necessity of the pntient’s returning indefinitely but tho 
fluid, which forms so frequently, can usually be easily controlled- by increasing 
tho pressures or decreasing tho interval, provided it is recognized early. 
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Jinny patients with oil replacement have done well but tuberculous fluid 
may form with tho oil. Bndiologically and clinically tills cannot be recognized 
until it attains a sufficient pressure to rupture into the lung (Fig. 3). If oil has 
been put into the extrapleural Rpacc, it seems safer to aspirate a sample every 
six months for tuberculosis culture to avoid this catastrophe. 

It is generally recognized tlmt on extrapleural pneumothorax results in a 
permanent collapse, although in the literature ns late as April, 1943, this state¬ 
ment is found, "Every successful extrapleural pneumothorax roported is a 
patient saved from thoracoplasty and given the benefit of temporary collapse.” 
Only four out of ninety-two (4.7 per cent) of our patients have re-expanded 
lungs. Ill-advised attempts to re-expand theso lungs result almost invariably in 
the formation of an extrapleural empyema. 

Further Treatment. ■—Seven patients havo required further surgical treat¬ 
ment on the same side. Five have had thoracoplasties; three because of tubercu¬ 
lous empyemas and two because of insufficient collapse and persistently positive 
sputum. Ono of tho latter has not been converted. 

Two havo had pneumonectomies for persistently positivo sputum. One is 
well and her sputum is negative; the other is well clinically but sputum is still 
positive, presumably from an ulcer of the bronchial stump. 

CONCLUSION 

1. Considering tho type of case chosen, the results of extrapleural pneumo¬ 
thoraces in this scries wore reasonably satisfactory. Despite this fact, the proce¬ 
dure is thought to have a very limited place in the surgical therapy of pulmonary 
tuberculosis. 

2. The operative mortality was higher than that of thoracoplasty but was 
‘due at tho beginning to inexperience in tho performance of tho operation and 
in postoporntivo management. 

3. Tho patients require care of a diffioult kind indefinitely and are always 
liablo to develop unpleasant complications. 

4. Tho present view is that this procedure should usually bo reserved for 
young, growing individuals who would probably dovclop considerable deformity 
following thoracoplasty and for a small group in whom the sear and deformity 
of thoracoplasty would debar them from a special vocation. 

Those operations were performod nt the Toronto Hospital for Tuberculosis and I am 
indobied to l5r. Bobcrt Janes and Dr. F. G. Korgin, Consultants on the Thoraclo Surgical 
Service, and to Dr. 1L J. McHugh, Modical Superintendent, for the privilege of making 
this report. I should also like to express my gratitude to Miss M. O’Sullivan, Record 
Librarian, for the difficult task of following the patients. 



AN EXPERIMENTAL STUDY OF THE EFFECT OF LIGATION OF 
PULMONARY VEINS IN THE DOG 

Henry Swan, M.D., and R, M. Mulligan, M.D. 

Denver, Colo. 

I N THE eoui’se of experiments designed to explore the possibility of creating 
a venous shunt between the S3 r stemie and pulmonary venous systems, it be¬ 
came desirable to utilize the proximal end of a divided pulmonary vein to one 
lobe in an end-to-end anastomosis. This would necessitate ligation of the distal 
end of the divided pulmonary vein to the lobe and would, in effect, be exactly 
equivalent to simple ligation of the pulmonary vein in so far as subsequent 
changes in the lobe itself are concerned. We unshed to know, therefore, what 
changes in a pulmonary lobe are to be expected following simple venous liga¬ 
tion. In turning to the literature for the answer to this problem, we were 
surprised to find that, so far as Ave could discover, this simple experiment had 
never been fully exploited, and the answer was not fully known. Accordingly, 
a series of dogs were subjected to simple total ligation of the pulmonary vein 
from the upper lobe of the right lung and the subsequent pathologic changes 
in the lobe were observed at different time intervals following operation. 

REVIEW OF THE LITERATURE 

Interest in pulmonary vein ligation first arose because it suggested itself 
as a therapeutic method in the treatment of tuberculosis. Tiegel’s work, 1 
published in 1911, has been offered as evidence that advanced pulmonary fibrosis 
is the end result of pulmonary vein ligation. However, in reviewing this study, 
it was apparent that Tiegel was not attempting complete venous ligation. He 
described placing silver wire rings around the pulmonary veins of rabbits and 
dogs to partially obstruct their lumina. In animals which survived, this was 
followed by an immediate intense engorgement of the pulmonary capillaries, 
accompanied by pulmonary hemorrhage. After weeks or months, firm pleural 
adhesions were found containing many blood vessels, and there was thickening 
of the pleura and alveolar septa. The lobes were said to be smaller, paler, and 
firmer than the normal lobes on the opposite side. In only two of his animals 
was complete ligation performed, and he noted that in many of the lungs 
histologic changes were minimal. Kawamura 2 confined his studies in rabbits 
to ligation of the pulmonary artery to the left lower lobe. In 1923, Schlaepfer 3 
reported on the clinicopathologic aspects of air embolism following minor or 
major intrapleural manipulations. Experimental observations on two dogs 
following partial ligation of the pulmonary vein on one side were described, 
with special attention to the development of collateral venous channels which 

From the Halsted Experimental Surgical Laboratory and the Department of Pathology, 
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developed through parietovisceral adhesions and through enlargement of tho 
bronchial veins. This author’s subsequent work was confined to tho effects of 
pulmonary arterial ligatioiL 4 ’ “ 

Wo believe that the first clinical cases with pulmonary venous ligation 
were those reported by Kcrseluicr 0 in 1931. Four patients with tuberculous 
cavities in the upper lobes underwent this operative procedure with mildly 
encouraging but not spectacular clinical results. No pathologic studies were 
available at the time of the report. In 1932 nppenred the careful experimental 
studies of Mathes : and co-workers on the bronchia!, pulmonary, and lymphatic 
circulations of tho lung under various experimentally produced pathologic con¬ 
ditions. Among other conditions investigated, complete ligation of the pul¬ 
monary vein to one lobe of the lung wns usually, although not invariably, fol¬ 
lowed by death of tho animal in four or five days. The pleural cavity was 
found to be filled with a thin blood-stained effusion and the lobe was large, 
firm, and of a deep red, liverlike consistency. The bronchial artery appeared 
normnl; the pulmonary artery wns injected poorly with bismuth mass bccauso 
of peripheral venous congestion. The number of animals used nnd tho partic¬ 
ular loho whose vein wns ligated were not stated. 

This work apparently escaped the attention of European surgeons, because 
0’Shnughnessy,' in 1935, published three clinical cases with vein ligation using 
the report of Tiegel ns experimental background. His patients had been fol¬ 
lowed less than one yenr, and no pathologic observations were available. In 
the same yenr, Vnlkfinyi* reported on three experimental nnd five clinical eases 
with pulmonary vein ligation. lie tied tho vein to the upper or middle lobe 
of the lung in three dogs. The mortality wns not stated. The pathologic 
changes seen three to five weeks posloperntivciy were described by Professor 
Jimmy. There wns moderate shrinkage and a firm consistency of tho lobe. 
Microscopically confluent areas of fibrosis wero seen; the plourn wns tliiekened, 
the alveoli were smaller nnd contained homosiderin-lndcn phagocytes. Of the 
five patients with tnW-culous cavities, ono died postopcrativoly, two wore un¬ 
improved, and two demonstrated moderate healing. 

The study reported in 1938 by Ameuillo 10 nnd his co-workers was concerned 
ehiofiy with tho development of collateral venous channels following pulmonary 
vein ligation. Ten dogs were operated upon trnnsplcurally. Six died in the im¬ 
mediate postoperative period. Tho remaining four were sacrificed nt six weeks, 
four months, six months, and seven nnd one-half montlis, respectively. The 
pulmonary vessels were studied by injection. Film vascular adhesions develop¬ 
ing at the operative site nnd between the pleura nnd tho chest wall contained 
enlarged collateral venous channels. There wns no change in tho pulmonary 
artery, but the bronchial arlory nnd tho artery of tho pulmonary ligamont 
scorned slightly enlarged. No description of tho tissue chnnges found in tho 
lung wns given. 

In his description of n two-stage operation for pneumonectomy in 1938, 
Rienlioff 11 states that if the pulmonary veins wero ligated in the first stage, 
wet gangrene supervened. The observations which formed tho basis for this 
statement were not described. 
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It would appear, therefore, that there is conflicting opinion as to the fate 
of a lobe of a lung following ligation of its veins, and that the on]} 7 available 
evidence is comprised of the three animals of Yalkanyi and the unknown num¬ 
ber of animals used by Matkes and associates. Observations were made, there¬ 
fore, at various postoperative periods on eleven dogs in which the venous re¬ 
turn from a single lobe had been ligated and cut, and on two animals in 
which the entire pulmonary vein to one side was ligated and cut. 

METHOD 

Healthy mongrel dogs of medium or large size were used. In the per¬ 
formance of all surgical procedures, operating room technique and aseptic pre¬ 
cautions were the same as used in the main operating room of the hospital. All 
procedures were done under endotracheal positive pressure ether anesthesia. 
Following operation, the animals were placed in individual cages until fully 
recovered, and then returned to the kennel runs. In the protocols, the term 
ligation will be used throughout to mean double ligation and complete division 
of the vessel. The postmortem tissues were fixed in 4 per cent formaldehyde, 
washed in tap water, cleared by dioxane, imbedded in paraffin, cut at 8 microns 
thickness, and stained by hematoxylin and eosin, Turnbull’s blue, and Weigert’s 
elastic tissue stain. Each animal served as its own control. In all eases none 
of the nonoperated lobes of the right lung and none of those of the left lung 
showed changes comparable to those observed in the lobes whose veins were 
ligated and severed. The necessity for dummy control operations was, there¬ 
fore, eliminated. 

PROTOCOLS 

I. Single Lobe Ligations 

Dog number V-l.—A stocky, slick-haired, brown dog weighing 22 kg. 

May 24, 1946. Operation. Ligation of veins to right upper lobe. 

May 27, 1946. Dog appears well but has moderate cough, with thick mucoid sputum. 

May 31, 1946. Reoperation. Right upper lobe appears a deep dull red in color; 
is very firm, and feels solid. Lobe removed as a specimen. Middle lobe utilized for a 
different experiment, then removed. Lower lobe veins ligated. Moderate shock. 

June 1, 1946. Dog found dead. 

Autopsy .—Moderate amount of reddish exudate in pleural cavity. Right lower lobe 
solid, very hemorrhagic. Left lung normal. 

Microscopic Examination. —(A) Right lower lobe (six to eighteen hours post-opera¬ 
tive) : The pleura showed fibrinopurulent pleuritis. The alveoli, bronchioles, and many 
bronchi were filled with edema fluid, packed erythrocytes, or inflammatory exudate (Fig. 3). 
The veins, venules, and capillaries were severely engorged. Microscopic diagnosis: (1) acute 
fibrinopurulent pleuritis; (2) pulmonary hemorrhage; (3) pulmonary hyperemia and edema; 
(4) focal bronchopneumonia. 

(B) Right upper lobe (seven days postoperative): The pleura was covered by a thick 
layer of fibrin conta inin g neutrophiles, nuclear debris, and Bwollen mesothelial cells, and 
penetrated at the edge by proliferated capillaries and fibroblasts (Fig. 4). Groups of 
alveoli beneath the pleura were surrounded and filled by proliferated fibroblasts. In several 
areas deeper alveoli and alveolar ducts showed loss of the outlines of their walls and were 
packed with edema fluid and erythrocytes, some including segmented neutrophiles and nuclear 
debris. Many bronchioles were filled with masses of fibrin enmeshing segmented neutrophiles. 
The alveolar capillaries and venules were engorged. Some of the larger veins showed throm¬ 
bosis, Microscopic diagnosis; (1) organizing fibrinopurulent pleuritis; (2) pulmonary 
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Fig. l.—rhotograph of heart nnd lungs of dog sacrificed; three days following Illation of the 
pulmonary veins to the right upper lobo. 
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hemorrhage (with small scattered infarcts); (3) thrombosis of pulmonary veins; (4) organ¬ 
izing pneumonia. 

Dog number Y-2.—A black and wliite shaggy-haired dog weighing 21 kg. 

June 2, 194G. Dog given 25 mg. dicoumarin. 

June o , 1946. Dog given 15 mg. dicoumarin. Prothrombin time, twenty seconds 
(normal). Operation. Ligation of pulmonary veins to right upper lobe. 

June 4, 1946. Dog seems quite ill and weak, with severe cough producing blood-stained 
sputum. 

June 5, 1946. Dog found dead. 

Autopsy. Eight upper lobe was a deep greyish red and appeared solidified. Middle 
and lower lobes appeared atelectatic. Left lung normal. 

Mioroscopic Examination. —The right upper lobe (two days postoperative) showed the 
pleura lightly covered with fibrinopurulent exudate. Many alveoli, ducts, bronchioles, and 
bronchi were crammed with erythrocytes. Some peripheral alveoli contained cdcnm fluid; 
others were cystic and empty. The alveolar capillaries, venules, and veins were engorged. 
Mioroscopic diagnosis: (1) acute fibrinopurulent pleuritis; (2) pulmonary hemorrhage; 

(3) pulmonary hyperemia and edema; (4) broncliiolectasis. 

Dog number Y-3.—A large German shepherd dog weighing 30 kg. 

June 6, 1946. Operation. Ligation of pulmonary veins to right upper lobe. Middlo 
lobe vein used for an anastomosis. 

June 7, 1946. Dog appears in good condition. Breathing is easy. Moderate cough. 

June 8, 1946. Dog died at S:30 A.m. 

Autopsy. —The right chest cavity was filled with blood. The source of the bleeding 
was not determined. Anastomosis patent. No thrombosis. Upper lobe hemorrhagic and 
solidified. Middle lobe reddened and slightly shrunken. Left lung normaL 

Mioroscopic Examination. —The right upper lobe (two days postoperative) showed 
changes almost identical with those described in dog Y-2. Mioroscopic diagnosis: (1) acute 
fibrinopurulent pleuritis; (2) pulmonary hemorrhage; (3) pulmonary hyperemia and edema; 

(4) bronchiolitis and bronchitis, acute. 

Dog number Y-4.—A slick-haired, black dog weighing 15 kg. 

Sept. 15, 1946. Operation. Ligation of veins to right upper lobe. 

Sept. 17, 1946. Dog doing well. Mild cough. 

Sept. 21, 1946. Dog fully recovered; asymptomatic. 

Oct. 7, 1946. Dog in excellent health. Sacrificed. 

Autopsy. —Wound well healed. Pleural cavities clean. Moderate firm adhesions of 
right upper lobe to parietal pleura and to mediastinum. Eight upper lobe was shrunken, 
pale, and felt thickened and relatively airless. Other lobes normal. 

Microscopic Examination. —Bight upper lobe (twenty-three days postoperative). The 
pleura was thickened with connective tissue poor in elastic fibrils and containing new-formed 
capillaries. A few small groups of alveoli were collapsed. In many areas proliferated 
fibrous connective tissue and new capillaries were mingled with macrophages (containing 
brown pigment granules positive for iron) and lymphocytes. This tissue either filled alveoli 
and bronchioles, or surrounded and entrapped these structures. The larger veins showed 
organizing thrombi. Microscopic diagnosis: (1) fibrous pleuritis; (2) organizing pneumo¬ 
nitis with interstitial fibrosis and hemosiderosis; (3) thrombosis and recnnalization of veins. 

Dog number V-5.—A small, gray-black, long-haired dog weighing 14 kg. 

Sept. 13, 1946. Operation. Ligated pulmonary veins to right upper lobe. 

September 14, 1946. Dog making uneventful recovery. 

October 7, 1946. Dog in good health. Sacrificed. 

Autopsy. —Small superficial wound infection lower end incision. Pleural cavities clean. 
Adhesions between upper lobe and the wound. Eight upper lobe slightly reddened and firm. 
Other lobes normal. 

Mioroscopic Examination. —Eight upper lobe (twenty-four days postoperative). The 
pleura showed thickening, with masses of neutrophiles, macrophages, and lymphocytes mingled 



SWAN AND MULLIGAN: EFFECT OF LIGATION OF DOQS’ PULMONARY VEINS 49 


FIp. 3 



«■« vaux/i'j: 

__ _ Flbrlnopurulc... ___ _ ,___ _ 

i onporTOd and hemorrhnRlc. Hcmntoxj-lln and coaln *tnln. (X150.) 


-Doc V-l. Twelvo houra. Flbrlnopurulcnt exudate on pleura. Alveoli and alveolar 
duct* < - - — 1 -’-"-- “ ’ - ' • -- 





50 


THE JOURNAL OP THORACIC SURGERY 


lvitli proliferated fibroblasts and capillaries, as well as new fibrous tissue poor in elastic 
fibrils. Alveoli, alveolar ducts, and bronchioles showed widespread collapse. The more super¬ 
ficial ones contained proliferated fibroblasts intermingled with leucocytes. Venules and 
capillaries were mildly engorged. Macrophages were present, containing iron-positive pig¬ 
ment. Microscopic diagnosis: (1) chronic pleuritis; (2) atelectasis; (3) organizing pneu¬ 
monitis with focal hemosiderosis. 

Dog number Y-6.—A German shepherd dog weighing IS Jrg. 

Sept. 3, 1946. Operation. Ligation of the pulmonary veins to the upper right lobe. 

Sept 9, 1946. Dog has made excellent recovery. 

Oct. 7, 1946. Dog in good health. Sacrificed. 

Autopsy. Wound well healed; - Pleural cavities normal. Very thick adhesions between 
upper lobe and the chest wall and mediastinum. Upper lobe appeared whitish, was shrunken, 
and felt firmer than normal, but not solid. 

Microscopic Examination .—Eight upper lobe (thirty-four days postoperative) (Fig. 5). 
The pleura showed thick fibrous connective tissue poor in elastic fibrils and inclosing new 
capillaries and venules. Much fibrous connective tissue was proliferated in the stroma, 
thus obliterating or entrapping alveoli, alveolar dnets, and bronchioles. Many hemosiderin 
macrophages were intermingled in this tissue and were free in a few alveoli. Organizing 
thrombosis of larger veins was present. Microscopic diagnosis: (1) fibrous ("vascular) 
pleuritis; (2) interstitial fibrosis and hemosiderosis; (3) thrombosis of pulmonary veins. 

DOG number V-7.—A brown collie bitch weighing 17 kg. 

Aug. 30, 1946. Operation. Ligation of pulmonary veins to right upper lobe. 

Sept. 4, 1946. Dog has had slight cough. 

Sept. 10, 1946. Dog seems entirely well. 

Oct. 7, 1946. Dog has remained in good health. Sacrificed. 

Autopsy .—Wound was well healed. Pleural cavities clean. Many firm adhesions between 
chest wall and upper lobe. Eight upper lobe was pale, moderately shrunken, and felt rela¬ 
tively airless. Other lobes were normal. 

Microscopic Examination .—Eight upper lobe (thirty-eight days postoperative). Similar 
to dog number Y-6. Microscopic diagnosis: (1) fibrous ("vascular”) pleuritis; (2) inter¬ 
stitial fibrosis and hemosiderosis; (3) thrombosis of pulmonary veins. 

Dog number V-8.—A light brown chow dog weighing 26 kg. 

May 27, 1946. Operation. An end-to-end venous anastomosis made using right upper 
lobe vein. The distal end of this vein ligated. 

May 29, 1946. Dog in good condition. Has not developed cough. 

July 2, 1946. Operation. Eight chest opened in order to perform a second and un¬ 
related experimental procedure. There were dense adhesions surrounding the upper lobe. 
The lobe was dark in color and seemed partially solidified. A generous biopsy of the right 
upper lobe was taken for examination. 

Microscopic Examination .—Eight upper lobe (forty-five days postoperative). The 
pleura was greatly thickened by a vascular fibrous connective tissue poor in elastic fibrils. 
Many alveoli, alveolar ducts, and bronchioles were collapsed; very few were filled with 
erythrocytes and edema fluid. Many macrophages (Fig. 6) containing iron-positive pigment 
were seen. The larger veins showed organized thrombosis. Microscopic diagnosis: (1) 
fibrous pleuritis; (2) atelectasis; (3) focal hemorrhagic edema and hemosiderosis; (4) throm¬ 
bosis and recanalization of pulmonary veins. 

Dog number Y-9.—A short-haired, black and white dog weighing 17 kg. 

Aug. 15, 1946.—Operation. An end-to-end anastomosis using right upper lobe vein. 
Pulmonary end of vein ligated. 

Aug. 20, 1946. Dog making uneventful recovery. 

Oct. 25, 1946. Dog has remained healthy. Sacrificed. 

Autopsy .—Wound well healed. Pleural cavities clean except for adhesions between 
right upper lobe and the chest wall. Eight upper lobe pale, slightly firm. Other lobes 
normal. 
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Mk. 10.—Dog V-U. One hundred tl»lity-four days. Normal lobu of loft lung for comparison 
with Fig. 7. Hematoxylin and co*ln stain. (XlGO.) 




Fig. 7.—Dog V-9. Seventy-one days. Bronchiole at center surrounded by collapsed alveolar 
ducts and alveoli. Hematoxylin and eosin stain. (X150.) 



Fig. S.—Dog V-9. Seventy-one days. Atelectasis. Weigert’s elastic tissue stain. (X150.) 
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Up. 0 .—Dok V-ll. Ono hundred thirty-four day*. Band of Interstitial fibrosis at top. B«- 
cxpnndM alveoli In lower half. Hematoxylin and eosln atatn. (X160.) 



KIk. It).—T >ob V-l 1. One hundred thirty-tour day*. Normal lobe* of left Iujik for comparison 
with Ftp. 7. Hematoxylin and eiwln stain. (Xl.lO.) 
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Microscopic Exammotion .—Eight upper lobe (seventy-one days postoperative) (Figs. 
7 and 8). The pleura was thickened with a chronic suppurative fibrotic reaction. Many 
alveoli, alveolar ducts, and broncliioles, were collapsed; others were surrounded by strands 
of proliferated fibrous tissue. Microscopic diagnosis: (1) chronic suppurative fibrous pleu- 
ritis; (2) atelectasis; (3) focal interstitial fibrosis. 

Dog number V-10.—A tan collie dog weighing 20 kg. 

Aug. 12, 1946. Operation. Ligation of pulmonary veins to right upper lobe. 

Aug. 15, 1946. Dog has mild productive cough. 

Dec. 2, 1946. Dog has remained in excellent health. Sacrificed. 

Autopsy .—Wound well healed. Upper right lobe was adherent to chest wall and to 
mediastinum with fine adhesions, which were dense only in the region of the chest incision. 
The right upper lobe appeared slightly slirunken, but was almost normal in color, soft to 
touch, and crepitant. Other lobes were normal. 

Microscopio Examination: Right upper lobe (111 dnys postoperative). The pleura 
was thickened with vascular fibrous tissue. Many alveoli, alveolar ducts, were well ex¬ 
panded. In several areas thin strands of fibrous connective tissue infiltrated with lympho¬ 
cytes and iron-positive pigment-laden macrophages, were proliferated around alveoli, alveolar 
ducts, bronchioles, and in the septa. The laTge veins showed recanalizing thrombosis. 
Microscopic diagnosis: (1) fibrous pleuritis; (2) interstitial fibrosis and hemosiderosis; (3) 
thrombosis and recanalization of pulmonary veins. 

Dog number Y-ll.—A laTge, black dog weighing 26 kg. 

July 30, 1946. Operation. Ligation of pulmonary veins to right upper lobe. 

July 31, 1946. Dog has cough productive of blood-tinged sputum. 

Aug. 5, 1946. Dog recovered from operation. Cough disappeared. 

Dec. 2, 1946. Dog has remained in good health. Sacrificed. 

Autopsy .—Wound firmly healed. Bight upper lobe adherent to chest wall with break¬ 
able adhesions. The lobe appeared normal in size, shape, color, and consistency. Other 
lobes normal. 

Microscopic Examination .—Eight upper lobe (134 days postoperative) (Figs. 9 and 10). 
The pleura was thickened with vascular connective tissue poor in elastic fibrils. Occasional 
iron-positive pigment-laden macrophages were seen. Strands of fibrous connective tissue 
extended between some alveoli and in the septa, but most of the alveoli were normally patent. 
It was estimated that the lobe was SO per cent aerated. Mioroscopno diagnosis: (1) fibrous 
pleuritis; (2) interstitial fibrosis and hemosiderosis; (3) thrombosis and recanalization of 
pulmonary veins. 

ii. entire lung ligations 

Dog number L-l.—A small, slick-haired bitch weighing 12 kg. 

Sept. 25, 1946. Operation. The left pulmonary vein to the entire left lung was ligated. 

Sept. 26, 1946. Animal died at twenty-four hours following operation. She showed 
extreme weakness, pallor of the mucous membranes, dyspnea, and cough productive of bloody 
sputum. She presented the picture of progressive shock. 

Autopsy .—Pleural cavity on left contained blood-stained fluid. The entire left lung 
was dark red, completely solidified, and gave the appearance of liver. 

Microscopic Examination .—(One day postoperative.) The appearance in all of the 
left lobes was similar to that seen in the right lower lobe of dog V-l. Microscopic diagnosis: 
(1) acute fibrinous pleuritis; (2) pulmonary hemorrhage, pulmonary hyperemia, and edema; 
(3) bronchopneumonia; (4) thrombosis of pulmonary' veins. 

Dog number L-2.—A brown, long-haired bitch of collie extraction, weighing 11 kg. 

Sept. 26, 1946. Operation. Ligation of the entire pulmonary venous return from the 
right lung. 

Sept. 27, 11140. Animal is very weak and is coughing up blood. 

Sept. 29, 1946. Animal died three days following operation, and became progressively 
weaker with increasing pallor. 

Autopsy .—The entire right lung is a dark red color, completely solidified, and quite 
heavy. 
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Jlicroscopio JJxanitnaf ion.—The right lung (.1 days jrest-operotivo). 

iticrotcopto tHagnotis. —(1) Acuto fibrinous plcuritis; (2) pulnionary hctoorrlmge, 
pulmonary hyperemia, and edema; (3) bronchopneumonia; (4) thrombosis of pulmonary reins, 

COMMENT 

Those experiments indicato Hint healthy dogs may have the veins from the 
right upper lohe ligated and divided and survivo the opcrntioii, probably in¬ 
definitely. Of tho three deaths in this series occurring following operation, 
two were the result of an additional but unrelated experimental procedure 
(dogs Y-l and V-3), and one (Y-2) was in an animal ttiulor the effect of 
dieonmarin. We have never hnd an animal survive a major operative proce¬ 
dure while under the effect of this drug. Might dogs survived from 23 to 134 
days, and were then sacrificed. 

On the other hand, ligation of the entire venous return from a lung was 
fatal within three days in two animals (M-l, L-2). These animals appeared 
to die of blood loss and shock. The pathologic findings in these lungs were 
identical with those seen in the single lobe following venous ligation. The 
difference between survival and death, therefore, would appear to be quantita¬ 
tive, and is related, we think, to t ho volnmo of blood loss as pulmonary 
hemorrhage. 

The sequence of events following ligation and division of tho veins of one 
lobe of a lung may he briefly sketched. Tho first reactions in the lobe include 
a fibrinous or fibrinopurulcnt plcuritis with adhesions of the lobe to the pariotnl 
pleura. The lolio is pumped full of blood by tho intact arteries to it. Conse¬ 
quently, severe hyperemia, hemorrhage, and edema arc noted, especially in¬ 
volving the nveoli, alveolar ducts, and bronchioles. Along with the reduced 
vitality of tho pulmonary parenchyma, bronchopneumonia becomes an accom¬ 
panying reaction. As a result of their ligation, thrombosis occurs in tho veins 
to the lobe. 

Tho process of recovery from these acuto changes includes tho establish¬ 
ment of adhesions between the visceral and parietal pleura through organiza¬ 
tion of the acute plcuritis and the formation of now blood vessels, including 
capillaries, venules, mid arterioles to furnish a collateral blood supply, espe¬ 
cially venous. Along with this reaction, blood monocytes coming into tho 
arteries migrnto from the alveolar capillaries into tho alveoli and alveolar ducts 
and pick up eoll debris, especially broken down orythrocytos and the degrada¬ 
tion products of hemoglobin, so well demonstrated by the abundant hemo¬ 
siderin in numerous macrophages, mainly in alveoli, alveolar ducts, and 
bronchioles early nnd chiefly in interstitial fibrous connective tissuo later. Gran¬ 
ulation tissue grows out into alveoli, alveolar ducts, and broncliiole3 to organ¬ 
ize contained exudate. In addition, air is ovidcntly rcsorbed from somo alveoli 
and alveolar dnets. Widespread atelectasis results from the emptying of the 
contont of these structures by both the scavenging of tho homorrhagic nnd in¬ 
flammatory debris and tho resorption of edoma fluid and residual air. its the 
collateral blood supply established by the pleural adhesions becomes more abun¬ 
dant in tho later stages, especially as seen in dogs V-8 and Y-10, the BtiU in¬ 
tact arterial blood vessels arc able to vaseularizo tho lobe, especially the alveolar 
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capillaries, and the still intact bronchial tree is able to admit air for the re¬ 
expansion of the lobe. The atelectatic areas then largely disappear, the re¬ 
expansion beginning first at the periphery of the lobe and then extending 
centrally. The granulation tissue within the alveoli, alveolar ducts, and bron¬ 
chioles is either resorbed or incorporated into the interstitial fibrous connective 
tissue. 

The final result after three or four months is a lobe at least SO per cent 
re-expanded and apparently functioning with residual vascularized pleural 
adhesions and focal interstitial fibrosis and hemosiderosis. The thrombi in the 
proximal ends of the severed veins to the lobe become organized and the veins 
are recanalized to different degrees. 


SUMMARY 

1. The pathologic changes in the right upper lobe of the lungs of eleven 
healthy dogs observed at increasing intervals following ligation and division 
of the pulmonary veins to that lobe are described. 

2. Healthy dogs may survive indefinitely following ligation of the veins 
to a single lobe, but ligation of the veins to the entire lung in two animals was 
fatal. 

3. There is no significant death of pulmonary tissue following venous liga¬ 
tion. The primary reaction is severe pulmonary engorgement and hemorrhage. 
Gradually, in a period of about four months, this hemorrhage is resolved, the- 
accompanying intraluminal and interstitial fibrous reaction is absorbed, and 
with the development of collateral venous channels through adhesions, the 
lung returns toward normal, approaching full functional activity. 

The authors 'wish to express their appreciation of the excellent technical assistance of 
Dr. Charles Monroe. 
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BRONCHIECTASIS IN SERVICE PERSONNEL 

It. C. Laird, H.S., P.R.C.S 
Toroxto, Oxt. 

T HIS is a report of the surgical treatment of bronchiectasis undertaken at 
Christie Street Hospital, Toronto, from 1941 to 1945, inclusive. Christie 
Street is the locnl hospital under the Department of Veterans Affaiis. Through¬ 
out the war years, many men of till sendees were treated here, both during and 
after discharge. The surgical treatment was carried on under the supervision 
of Dr. Norman Shonslonc, while the investigation was the responsibility of the 
Chest Clinic, of which Dr. George Anglin was the chief physician. 

There were, in this group seventy-five patients, on whom eighty lobectomies 
were performed. On the wholo, these were young men who had been in good 
physical condition fairly recently. The ages varied from 18 to 47; and nvernged 
24, with well over half younger than 25 years. The service in which they had 
enlisted did not seem to have any bearing on tho disease, though thirty were 
in the R.C.A.E., thirty-two in the Army, ten in the Navy, and one was a Nursing 
Sister. 

The site of the disease is of some interest. Thclcft.lower lobe was involved 
in fifty-two cases, and in four of theso there wns an associated disease of tho 
lingual lobe. Tho right lower lobe was diseased in thirty-three cases, with an 
associated middle lol>e in seven of them. There wore ten with bilateral involve¬ 
ment. Three of these have lmd complete excision of disease, with a fourth, at 
the moment, in preparation for the second operation. In two instances, the right 
middle pobc wns found to he involved, nnd wns removed at n Rccond operation. 

TAST HISTORY 

In reviewing tho past histories of these individuals, it is very difficult to 
be absolutely sure of the presence or the oxtent of respiratory disease boforo en¬ 
listment. Ostensibly, they were all in good physical condition, with no major 
respirator}- complaint and with an x-ray of tho chest declared to bo negative at 
the time of enlistment. In nineteen patients there was a history of definite 
respirator}- infection prior to 1939. This date was taken arbitrarily ns being 
nlxrat tho time of earliest enlistment in the Canadian Armed Sen-ices. This 
infection varied from a scries of severe head colds, to recurrent attacks of 
pneumonia, to a chronic cough with sputum over a period of years which was a 
feature in only three cases. 

The next group of twenty-two cases showed no history of pneumonia, and 
no definite major respirator}- infection boforo 1940. However, all had find 
frequent uppor respiratory infections since enlistment, and many bad developed 
cough and sputum following these infections. Thoy wore not hospitalized, as a 
rulo, until tho time bronchiectasis was dingnosed. 

Read (by title) at the Twenty-Slacth Annual Meeting of Tho American AJ«oclatlon 
for Thoracic Surgery, Detroit, Mich., May 29, SO, and 31, 1946. 
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Table I 


Age 18 to 47; average, 

24 


Service 

R.C.A.F. 

30 


Array 

32 


Navy 

10 


Nursing Sister 

1 


•Site 

Left lower 

52 


Lingual 

4 


Right lower 

33 


Middle 

7 


Bilateral 

10 


Table II. 

PAST HISTORY 

1 

NO. 

Respiratory infection before 1939 


19 

Frequent upper respiratory infection 

22 

Pneumonia twice or more 


21 

Pneumonia once 


19 


There were another twenty-one patients who gave the usual history of more 
than one attack of pneumonia, followed by persistent cough and sputum. There 
were nineteen patients who had no previous major respiratory infection, had 
had one attack of pneumonia only, since 1940, and had a persisting cough and 
sputum following this one attack. It is suggested that this is a virus type of 
pneumonia. This is a very important group, as their history supports the 
hypothesis that bronchiectasis can and does develop as a relatively acute disease, 
and is not one necessarily of many years’ duration. In reviewing the whole 
series of seventy-five patients, it is seen that forty-one, or well over half, had 
had no major respiratory infection prior to enlistment, and had developed bron¬ 
chiectasis over a brief period of one to four years. On checking more closely, 
it is found that fourteen of these gave a history of six months or less before 
admission to hospital and diagnosis of bronchiectasis. 

SYMPTOMATOLOGY 

At the time of their final admission to hospital for investigation and assess¬ 
ment, all patients complained of cough and sputum. The severity of cough and 
the amount of sputum varied considerably, but there is no doubt that there 
were relatively few who had the copious foul-smelling sputum previously asso¬ 
ciated with bronchiectasis. Other symptoms were absent in the great majority, 
but there was a histoiy of: hemoptysis in eight, loss of weight in six, loss of 
strength in nine, shortness of breath in seven, and pain in chest in four. 

Physical signs, as usual, were not outstanding, but rales were heard over the 
affected area in practically all the patients. There were frequent observations of 
decreased movement and dullness in the involved base. A routine examination 
of the upper respiratory passages and sinuses was made in each ease by the 
otolaryngologist. It was a distinct surprise to note that the examination was 
negative in practically every case. Only one patient was diagnosed as having 
pansinusitis. He also had bilateral bronchiectasis. Routine bronehoscopie exam- 
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inntion wns nlso done, nnd no tumors were found in this series. There v.-ns ouo 
hronchinl stenosis. Tho great majority sliowed only pundent discharge from 
the involved nren. Bronchograms were, of course, checked very carefully for 
localization nnd extent, with particular attention to the lingula nnd tho right 
middle lobes. 

OPERATION 

Preoperative preparation was very much tho same in all eases. The pationts 
were on full diet with extras; they had constant postural drainage for varying 
lengths of time, depending on the nmount of sputum. Any foci of infection 
were cleared up ns well ns possible. Their blood was typed, and at least two 
pints of blood obtained for the operation. Anesthesin wns intratracheal ether 
nnd oxygen, or cyclopropnno and oxygen. In all cases the posterolateral incision 
wns made, nnd in the majority, the patient wns placed in tho lateral position. 
In a very few of the more recent eases, the prone position was used, with a great 
improvement in the aeration of the good sido. The diseased sections of the lung 
were removed by dissection lobectomy in all but one instance, in wliicli there hnd 
been chronic pulmonary infection for many years. When feasible, tho cut 
mnrgins of the pleura were sutured over the hilar structures. In thirtv-flve 
cases, sulphnthiazole powder wns dusted in the pleural cavity; and in tho last 
forty-five, penicillin nnd sulplmthinzolc powder. A closed intercostal drain was 
inserted by a stab wound low in the thorax, the ribs approximated with wires, 
and the intercostal muscles sutured. Oxygen was administered ]>osloperntivc]y 
for at least twelve hours, nnd often for twenty-four hours. The foot of tho 
bed was raised for those who hnd hnd much^sputum or bilateral disease. After 
eight hours the pntients were turned every ; two hours. Tho drninngo tube was 
removed nftcr forty-eight hours, and it was rarely necessary to aspirate the 
chest later. Jlost of the pntients were out of lied in n week, nnd many more in 
ten days. The majority were ready to return to the chest clinic for convalescence 
three weeks nftcr operation. ITorc tho lung expansion was checked carefully 
and encouraged by supervised breathing exercises. "When the pntients were 
ready to lenvo hospital, they were usually given three months’ convalescent leave, 
reporting to the outpatient clinic regularly during that time. 

COMPLICATIONS 

The commonest complication postoperativcly was empyema, which occurred 
seven times. In three of these cases, tho infection wns overcomo by aspiration 
and injection of penicillin, and cleared up quite readily. In tho other four, rib 
resection wns done. In one, tho wound was healed in two months ’ time; in the 
second, in three months’ time. They had no further troublo. The third empyema 
drainage lasted four months, but then healed without furthor incident. The 
fourth empyema requiring drainage followed tho resection of right middle and 
lower lobes. In that case, there was no definite separation between upper nnd 
middle lobes, and it was done at a time when wo were making the separation by 
clamping, cutting, and oversowing the cut margin. This prevented satisfactory 
expansion of the upper lobe and the residual cavity became infected two months 
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postop eratively. It is still draining. I believe it is of interest to note that five 
of these infections occurred in the period when we were using sulphatliiazole 
alone, and only two when we used penicillin and sulphathiazole. 

Bronchopleural fistula occurred only once in this series. This man had 
had a long history of chronic pulmonary disease and it was thought advisable to 
use the lung tourniquet in removing Iris right lower lobe. He developed an 
empyema one week after the operation. This was being treated by aspiration and 
injection of penic illin when, a week later, he demonstrated a bronchopleural 
fistula by coughing up the suppuration. Fortunately, he was able to keep the 
cavity empty by postural drainage and it gradually diminished in size by expan¬ 
sion of the adjacent lung. It was never thought necessary to drain the empyema 
externally. His chest eventually cleared up completely. He reported recently 
as being in fair health, with some residual eough and sputum, but working full 
time at a light job. 

The only other complications were pneumonia in two cases, and thrombo¬ 
phlebitis in one ease. One of the pneumonia cases was considered to be a lipoid 
pneumonia, due to lipiodol retained in the good lung. The other occurred in the 
only patient avIio was diagnosed as having a pansinusitis preoperatively. This 
may have had some effect on his postoperative course. Both of these were out 
of hospital within two months. There seemed no special reason for the develop¬ 
ment of the thrombophlebitis. It had completely disappeared when the patient 
was examined in clinic three months postoperatively, with no further com¬ 
plications. 

MORTALITY 

There was one death in this group of eighty operations. This young man 
of 20 years had had chronic cough with sputum for twelve years. He had a 
history of very frequent colds, but in spite of this he enlisted in the R. C. A. F. 
in October, 1943. He went overseas in June, 1944, but because of frequent 
respiratory infections, he was repatriated in May, 1945, and admitted to Christie 
Street Hospital in June. Investigation there showed bilateral bronchiectasis, 
definitely more marked in the right middle and lower lobes. He was treated in 
the chest clinic for three months, when he was advised to have right middle and 
lower lobectomy. This was started on September 11, but the anesthetist had very 
early difficulties with large amounts of tenacious mucopurulent discharge, hence, 
the operation was stopped before the chest was opened. He was referred back 
to the chest clinic, and.every effort was made to clear out the bronchial tree. 
It was considered that definite progress was made, and about three months 
later a second attempt was initiated. Bronchoscopic suction was employed 
immediately before the operation and the anesthetist made every effort to keep 
the airway open. There was not quite so much discharge on this occasion, 
although there was never a perfectly clear aeration. Toward the end of the 
dissection of the liilum, more respiratory difficulty was encountered, and the 
patient died on the table. Autopsy showed plugging of the opposite bronchus 
with mucopus, and almost complete pulmonary collapse. Since that time we 
have used the prone position in preference to the lateral, and think that these 
respiratory difficulties are lessened, although not eliminated. 
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FOLLOW UP 

Hoeenl iiifornmtion on these patients was obtained in various ways. The 
majority wore circularized liv questionnaire; others were seen on recall to the 
outpatient clinic, while others, the most recent, were still attending tho clinic. 
In all, out o£ a totnl of seventy-four, fifty-eight, patients were contacted; three 
of these were in hospital; two were waiting further surgical procedures; ono was 
recovering from n severe respiratory infection; and twelve had been operated on 
within the last three months of 1945, and were still attending clinic. There were 
forty-seven replies to the questionnaire. It was quite obvious that they did not 
magnify their good health. Possibly due to the pension angle, there was more 
pessimism displayed than was warranted by a cheek examination on a few of 
them. There were, in addition, five who had returned to clinic during 1945, and 
who reported themselves ns well, free of cough, and sputum, and working full 
time. 

In summarizing the results in fifty-two patients, their general health was 
reported to ho, good in sixteen, fair in thirty-one, and poor in five. Of those in 
poor health: one had hemoptysis recurring from a small residual area of bron¬ 
chiectasis ; ono had had a bilntcrial involvement with removal of one lower lolie 
only; one had empyemn and a nonexpanded right upper lobe (referred to under 
complications); one had several acute respiratory infections and was in hospital 
at the time; one lmd a small amount of intercostal neuritis. He was seen in 
clinic in January, 1946. lie was in good health. 

With regard to cough and sputum, nine reported no cough; twelve reported 
no sputum; twenty roported slight cough and sputum; twenty reported an 
appreciable amount of both cough and sputum. 

Of those haring doflnito cough and sputum, tho mnjority reported a marked 
lessoning following operation, with a few unchanged. 

Activity. —Twenty-one of the fifty-two patients roported ns doing full-time 
work; eleven of the fifty-two patients reported ns doing part time work; thirteen 
of the fifty-two paticntR reported ns doing no work nt all. The majority of 
these thirteen had been operated on during the last six months, while another 
three of them were in hbspitnl, two waiting further surgical treatment. Seven 
pntients were nt school. 

SUMMARY 

1. A series of eighty lobectomies for bronchiectasis is reviowed ns to: site, 
previous history, present history and findings, preoperntivo preparation, and 
operative technique. 

2. Complications were fow, and wore as follows: empyomn, soven; bron- 
choplournl fistula, one; pneumonia, two; thrombophlebitis, one. 

3. Them wns ono death; a mortality of 1.25 per cent. 

4. Follow-up reports in fifty eases showed: good or fair general health, 
90 per cent; slight cough and sputum or none, in GO per cent; working full or 
part time or nt school, in 74 por cent. 



PNEUMOPYOPERICARDIUM 


Herbert W illy JIeyer, M.D. 

New York, N. Y. 

P NEUMOPERICARDIUM is a rare condition. It is still more nncommon 
if this pneumopericardium becomes infected. The condition then turns 
into pneumopyoperieardium. The outlook, once the diagnosis is made, is exceed¬ 
ingly grave. Patients with eases of traumatic origin are more likely to recover. 
In the majority of instances pneumopyoperieardium is a terminal complication 
of a serious disease, and then the result is usually fatal. 

HISTORICAL 

Galen is said to have removed a portion of the sternum and anterior wall of 
the pericardium in a soldier with a neglected chest wound. Surgical interven¬ 
tion is said to have cured the suppurative pericarditis. (Quoted by Winslow 
and Shipley.) Romero, in 1819, drained a serous pericarditis between the fifth 
and sixth ribs. Larrey, ten years later, in a stab wound of a soldier, suggested 
the xiphocostal approach to the pericardium. Laennec, in his writings, men¬ 
tioned the value of the tympanitic sound at the superior portion of the heart 
to denote the presence of air in the pericardium. However, such eminent diag¬ 
nosticians as Skoda, the discoverer of percussion and auscultation, and Scliroet- 
ter (1898) his successor at the Vienna City Hospital, never saw a case of pneu¬ 
mopericardium in well over thirty-five years of experience. Bricheteau ob¬ 
served hemopneumopericardium in 1844 and in the same year Hilsmann re¬ 
ported curing a patient with pyoperieardium. von Langenbeck (1860) per¬ 
formed pericardiotomy successfully, and Stokes collected three reported cases 
in 1855. Rosenstein in 1881 established surgical intervention as the method of 
choice in treating suppurative pericarditis. In 1885 Malle evacuated a hemo- 
pericardium through an opening made in the sternum and Bexman in 1891 
performed the same procedure for a pyoperieardium. James in 1904 reported 
on thirty-seven cases of pneumopericardium and mentioned the rarity of the 
disease. Rosier in 1918 collected seventy-three similar cases. Harvey B. Stone 
reported on a case of pericardiotomy for suppurative pericarditis following 
pneumonia performed on June 27, 1918, in Field Hospital No. 327 in France. 
More recently Winslow and Shipley (1935) reported on 118 patients with sup¬ 
purative pericarditis of which twelve cases were due to gunshot and stab 
wounds. The remaining 106 cases were due to systemic infection. Winslow 
and Shipley operated upon 4 patients. Two of these recovered and two died. 

ETIOLOGY 

The causes of pneumopericardium and its complicating pneumopyoperi¬ 
eardium may be divided into three main headings: (1) trauma, (2) perfora- 

P.ead (by tlUe) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracic Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 
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tion from neighboring organs, and (3) infection, or the spontaneous develop¬ 
ment of fluid, pus, and gas in tho pericardium. 

In taking up these three subdivisions separately one finds: 

1. Trnnma. 

A. From without: 

a. Punctured wounds, gunshot, and knife wounds. (Mueller, Thompson 
and "Walsh, Bodenhcimer) 

B. From within: 

a. Perforation of the esophagus into the pericardium by 

1. Swnllowed knife or denture. (Thompson nnd "Walsh, James and 
Impcrntori) 

2. Swnllowing of long strips of wire nnd metal. This is common in 
cnttle nnd rare in man. 

C. Fractured rib or sternum tearing the pericardium. 

D. Spontaneous rupture of. the bronchus into the pericardium by violent 
vomiting (Dufour and Barouk) or by strenuous bodily oxcrcisc nnd ex¬ 
ertion (Ljungdahl) nnd by blast injury. 

E. Artificial 

n. Accidental 

1. Tuberculous perienrdium mistaken for a tuberculous pleurisy nnd . 
a pneumopericardium instead of a pneumothorax was induced 
(Bigler, Saupc) 

2. A hcmopericardium was aspirated nnd air lmd been allowed to 
enter at time of pcricnrdieenlesis. A contaminated hemopnenmo- 
perienrdium resulted which grew Staphylococcus aureus on culture. 
(Harken, personal communication. Case seen during army service.) 

b. Intentional. Aspiration of pericarditis with effusion nnd replace¬ 

ment with air. (Oppcnhcimcr) 

2. Perforation of inflammatory or suppurative foci into the pericardium from 
neighboring organs nnd structures, nnd vice versa. 

A. Tuberculosis. 

n. Lung cavity into the pericardium. (Lnub, Lunger, Poirior) 
b. Caseous tuberculous lymph node behind the bifurcation of the trachea 
becoming adherent to the esophagus. This caused a traction diverticu¬ 
lum of the esophagus which broke through, causing a sums from the 
esophagus through the lymph node into tho pericardium. Two some¬ 
what similar eases nro reported. (Leys nnd Wallnce, Zwilling) 
e. Tuberculous lymph nodo breaking into the pericardium nnd then into 
a bronchus or the lung. Four such cases are reported by James. 

B. Infection and suppuration. 

a. Perforation of an empyema cavity which had been surgically drained, 
into the pericardium; and the perforation of a lung abscess or lung 
gangrene into the pericardium. (Jobin) 
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b. Perforation of pyopneumothorax into the pericardium. (Eisenlohr, 
Sievers) 

c. Perforation of a liver abscess into the subdiaphragmatic space then into 
the stomach and finally into the pericardium. (Graves quoted by 
Miiller) 

d. Mediastino-periearditis perforation. (Mayer) 

e. Perforation of peptic ulcers into the pericardium. (Salmony, Saex- 
inger, Moizard, Parisot) 

3. Systemic infection causing suppurative pericarditis. 

A. Secondary to pneumonia, pleurisy, and Ludwig’s angina. 

B. Spontaneous development of gas in the pericardium due to infection is 
extremely rare but is reported. Bacillus welchii rarely leads to a pneumo- 
pyoperieardium. Ringler reported five eases of which one recovered. 
Harken saw a ease of pneumopyoperieardium in the armed service in 
which the organism was the B. welchii. It was penicillin sensitive and the 
patient recovered after aspiration and penicillin instillation. (Personal 
communication) 

4. Perforation of malignant tumors into the pericardium. 

A. Gastric carcinoma. (James) 

B. Esophagus carcinoma. (James, Chambers, and Tiitel) 

C. Bronchus carcinoma. 

5. Perforation of primary suppurative pericarditis. 

A. Into cavities containing air. (Romberg, MacDovel quoted by Laub) 

B. Suppurative pericarditis perforating externally. (Muller) 

SYMPTOMS 

The symptoms of pneumopericardium and pneumopyoperieardium, when 
due to perforation, are the sudden onset of precordial pain. The patients 
become dyspneic and cyanotic. Frequently they faint. They may also com¬ 
plain of acute upper abdominal pain. Swelling in the precordial region may 
occur but is rare. Occasionally the patient complains of peculiar sensations 
and is conscious of peculiar sounds in the region of the heart noticed with each 
heart beat. 

PHYSICAL SIGNS 

The area of cardiac dullness suddenly disappears and is replaced by an 
area of hyperresonance. The percussion note is deep and sonorous and almost 
tympanitic. The area of tympany may shift with the change in position of the 
patient. 

On inspection, especially in children and young adults, there may be bulg¬ 
ing in the heart region. The patients all have fever and a rapid pulse. The' 
pericardium usually is enlarged. There is venous stasis throughout the body, 
as the heart has difficulty in filling due to compression. The heart itself is 
usually pushed forward against the chest wall. This must he kept in mind 
when performing a paracentesis. 
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On auscultation, very definite mul characteristic sounds arc heard. A 
metallic sounding phenomenon is present with a splashing and tinkling sound 
heard at the apex of the heart synchronous with the heart heat. Patients them¬ 
selves are frequently conscious of this phenomenon. The sound is that of a 
gurgling brook or the bursting of bubbles, or the splashing of water on the 
wheel of a water mill. 

DIAGNOSIS 

The x-ray films are distinctive and offer the greatest help in diagnosis. The 
x-ray cx]X>HHre must lie short to give a sharp outline. There often is a double 
shadow, the inner heart shadow and an outer one, either Hint of fluid or air 
or lwth in the pericardium. (Schulze, Schwncr, Amelung.) 

Aspiration of the pericardium is of great diagnostic value. Culture of the 
aspirated fluid is important. Harken, in a personal communication, has drawn 
attention to the importance of culture in making n diagnosis. lie has seen a 
patient in whom a diagnostic aspiration of what was believed to be a pericardi- 
eentesis for suppurative pericarditis revealed pus which on culture showed 
mixed organisms. At surgical pericardiotomy a mistake in diagnosis was ap¬ 
parent. An extrapcricurdinl abscess was found that had dissected around the 
pericardium to an extent that it bad licen mistaken for a suppurative peri¬ 
carditis. The x-ray and fluoroscopic appearance was classical. At operation the 
pericardium was closed and the mediastinal empyema was drained from behind 
without entering the pleural space. The patient did well. Harken states that 
the presence of mixed organisms should hnvo made one suspicious of an extia- 
pericardinl abscess. A short time later Ifarkeu saw a similar case and in this 
instance injected lipiodol into the pericardial sac. lie was thereby nblo to 
show that the pericardium was not involved in the abscess. 

Pericarditis is frequently overlooked in its insidious onset during a grave 
disease. Its presence must always be kept in mind and must be ruled out 

In the differential diagnosis ono must rule out mediastinal pleuritis, a 
dilated esophagus, a paravertebral abscess and an aneurysm of the abdominal 
aorta. All of these conditioas may give similar x-ray films. 

Pneumomediastinum may be a complication of surgical emphysema, es¬ 
pecially in chest wounds, and must also be kept in mind. 

OPKHATIVK TKCIIXUjUE 

Anesthesia for pericardiotomy may be cither local or general. If general 
anesthesia is chosen the introduction of an introtrachoal tubo is of valuo. 

A curved incision is made just to the left of tho stomum from the level 
of the second rib downward and then outward onto the left costal arch. Tho 
fourth, fifth, and sixth and sometimes tiie third costal cartilages are resected. 
The internal mammary vessels nre ligated aud divided. If necessary, some of 
the lateral border of the sternum is resected with rongeur. Every offort is mode 
to avoid injury of the pleura. It is wiped away if not too adherent by inflam¬ 
matory adhesions. The pericardium must lie well exposed and free of pleura. 
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The pericardium is then incised longitudinally in its long axis for good 
drainage, all the way down to its most dependent portion. The pericardial 
sac is explored with the finger and adhesions are broken with great gentleness. 
The pericardial sac is then irrigated gently and 25,000 to 40,000 units of 
penicillin in about an ounce of saline are instilled. No irritating fluid should 
be used for irrigation. Beck has shown in the dog that Dakin’s solution can 
cause adhesive pericarditis. If the pericardial sac is irrigated, one should be 
sure to have free exit for the fluid. The wound is left open and if the sup¬ 
puration subsides and the wound is granulating, secondary closure of the skin 
over the heart is performed. 

The former trans-stemal and xiphoeostal approaches to the pericardium are 
not as efficient as the technique above described. 

Complications .—One must watch for a possible associated empyema and 
suppuration in neighboring organs. A serious complication and one that must 
be carefully observed is that of constrictive pericarditis (Pick’s Disease). For¬ 
tunately, it is not common as a postoperative complication. 


PROGNOSIS 

The prognosis is always grave. In suppurative pericarditis, 70 per cent 
cures are possible. In pneumopyoperiearditis the outlook is not so good. The 
chief factors influencing the prognosis are the time of operation,. the type of 
organism involved, and the original condition of which the pyoperieardium or 
pneumopyopericardium is the complication. Also whether there are other 
foci of suppuration elsewhere in the body. 

The immediate and late prognosis is serious. Immediate drainage offers 
the only hope, with the help of chemotherapy. In the traumatic group of 
cases the prognosis is somewhat better. In all others it is extremely poor from 
the very beginning. 

Muller reported three cures in pneumopyopericardium. Two were trau¬ 
matic cases, and one was a perforation of an empyema into the pericardium. The 
prognosis in pericardiotomy for suppurative pericarditis is much better than 
in pneumopyopericardium. Winslow and Shipley reported on 118 patients 
with suppurative pericarditis with ten of their own, making 128 in all. Seventy- 
one or 55.47 per cent recovered and fifty-six or 43.65 per cent died. In one case 
the result was not known. Necessarily the prognosis must be modified by the 
primary disease involved. 

CASE REPORT 


On March 3, 1943, a Russian Displaced Personnel girl, 23 years of age, was admitted 
to our evacuation hospital ten days after having been injured by a fragment of a band 
grenade. 

She was desperately ill and very toxic. There was deep jaundice. The temperature 
was 102.4° F., pulse 140, blood pressure 110/62. Hematocrit was 17.5 per cent, hemoglobin 
6 Gm., total protein 6.5 Gin. White blood cells 53,000 with a high differential count. 

She was immediately given blood transfusions. On physical examination the patient 
was dyspneic, cyanotic, and orthopneic. She was alert and rational. There was a wound 
of entrance over the thir l rib just to the left of the sternum and a smaller one in the left 
breast at about 9 o'clock near the peripherv of the breast. From the larger wound, thin, 
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frothy pus was exuding, Tlic left chest was dull on percussion posteriorly, and oa ausculta¬ 
tion there was bronchial breathing at both bases. On percussion the heart dullness was in¬ 
creased to tho right nnd to tho left and on auscultation over the heart there was a typical 
bubbling, tinkling, babbling, and swishing sound. The nbdomcn was distended and 
tympanitic. Tho liver was paljgible, There was no odoma over the sacrum or the lower 
extremities. 

X-ray examination showed a typical pneumoj>oricartlium with a foreign body within 
tho pericardium in tho region of the great vessels. There was dense infiltration of tho left 
lung fiold (Figs. 1 nnd 2). 



Pig. 1.—X-ray film showing pneumothorax with grenade fragment In pericardium. 

After sufficient preparation with infusions and transfusions, pericardiotomy was de¬ 
cided on. 

Operation was performed March 4, 1945. GOE endotracheal anesthesia was admin¬ 
istered by Lt. Col. Max Frick. The incision was made from the wound of entrance along the 
left sternal border to tho fifth interspace and then curved outward. A akin and muscle 
flap was dissected outward exposing the ribs and cartilages. The third, fourth, fifth, and 
sixth rib cartilages, with about an inch of tho bony ribs were resected. The Intercostal 
structures were ligated and resected. The internal mammary vessels were ligated, divided, 
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and removed. About three-fourths of an ineh of the left border of the sternum was resected 
with a rongeur forceps. Tide exposed the pericardium with the wound of entrance in its 
upper portion. The pericardium was incised from the wound of entrance downward to the 
most dependent portion. The grenade fragment was lying slightly embedded on the pul¬ 
monary artery' and was removed. The heart was covered with thick fibrin and bathed in frothy 
pus. The finger was introduced into the pericardium and behind the heart and many fine, 
fairly fresh adhesions were broken up. The pericardial sac was irrigated with saline and 
it was seen that the wall of the pulmonary artery was slightly injured where the missle had 
lodged. 40,0000 units of penicillin were instilled into the pericardial sac. The skin wound 



Fig^ 2.—Lateral x-ray dim showing the same ns F'g'. 1. 


to the left in the breast region was sutured. The remainder of the wound was left open 
and the parietal pericardium loosely stitched to tire endothoracic fascia. The edges of the 
wound and the heart were covered with petrolatum gauze. The patient stood the surgical pro¬ 
cedure nicely. (Fig. 3.) 

Postoperative Course. —Penicillin, 40,000 units q. 4 hours and sulfadiazine Gin. 1 q. 4 
hours, which had been started on admission, were continued. The smear from the pus from the 
pericardium showed many gram-negative and gram-positive diploeocci. The serum bilirubin 
was 9.0 mg. per cent. The hematocrit reading on day of the operation was 30 per cent, hemo¬ 
globin, 10.2 Gm. and protein 5.8 Gm. The day after the operation 125 c.c. of fluid were 
aspirated from the left pleural cavity in the posterior axillary line. This aspiration was re- 
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peated iltvilj* nnd on the third pOMtojH*r«tivo dnv 225 c.c. were removed. Each tinio, 40,000 
units of penicillin were instilled into the pleural cavity. Two hundred nnd fifty cubic conti- 
meters of fresh whole blood in AheverV solution were given dntly for four postoperative days. 
On tho fourth postoperative dnv there was an allergic reaction und the transfusions wero 
temporarily stopped. Vitamins were given jmrenternlly and per os. At every dressing the 
finger was passed around the heart and thick fibrin placques were removed. There always 
seemed to Ik* some retention behind the heart in the pericardial t-nc. On tho fifth post¬ 
operative day the patient developed Home edema over the sacrum, buttocks nnd lower ex¬ 
tremities. The venous pressure wag 100 mni. H^O. Two days later 2 <ue. snlygran was 
given Intravenously after consultation with the medical service. Also 250 c.p. of blood in 
AlscvorV folutinn. There was ngnin a reaction after the transfusion. A week nfter the op¬ 
eration tho condition of the patient had greatly improved. Still very lnrgc amounts of fibrin 
plncques were digitally removed from the pericardial sac. Six days later, or fourteen days 
after tho operation, the patient was improving. There was still evidence of left pleuro- 
pulraonary pathology. Thera was, however, not much evidence of pleural exudate. The 
kidney output was satisfactory. The pus discharge front the pericardium was getting ma¬ 
terially less. The pericardial sac aits irrigated dally. 



.t. n. 

Ftg. 3.— A. pntlcnt on operating table showing wound of entrance in preconlinl region; JJ, 
patient one week nfter operation showing wound of pericardiotomy. 

Due to the tactical sittmtion, our hospital received orders to ttdvance and the hospital 
was closed. Through the help of G 5 of the Army, the pntieDt was transferred to another 
army hospital on the fourteenth dnv after operation in fairly satisfactory condition. 

I wns inter informed by the Chief of the Surgical Service of the hospital that very 
shortly after transfer to the hospital the jmtient developed complete suppression of urine 
nnd in spite of everything that wns tried she went into uremic coma and died five duys later. 
A post mortem wns performed. 

The grot-p anatomical diagnosis of the autopsy was: (1) pericarditis, acute, marked, 
associated with (n) pyoperienrdium, (it) myocarditis with moderate right ventriculnr dilata¬ 
tion, nnd (c) acute modlustinitis; (2) bilateral hydrotliomx; (3) pulmonary atelectasis, 
partial nssocinted with pulmonary congestion; (4) acute cholecystitis, moderate; (5) pyelo¬ 
nephritis with pus in both pelves; (0) marked cystitis; (7) passive congestion of kidneys, 
liver and spleen; and (8) bilateral fibrous pleurltis, 

SUMMARY 

1. Early diagnosis and recognition of pneumopericardium and pnmunopyo- 
poricardium is of vital importance. 

2. The physical signs and x-ray findings arc very characteristic. 

3. Suppurative pericarditis is too frequently overlooked, ns proved by 
autopsies. 

4. The prognosis in suppurative pericarditis is fairly good. , 
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5. Traumatic etiology in pneumopyopericardium holds out a fair prognosis. 

6. Pneumopyopericardium as a complication of some other grave disease 
has an extremely poor prognosis. 

7. Early surgical intervention, aided by proper chemotherapy, holds out 
the only hope of cure. 
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MEDICAL TREATMENT OF ACUTE AND CHRONIC 
PULMONARY ABSCESSES 


David T. Smith, M.D. 

Durham, N. C. 

INTRODUCTION 

TV/I ULTIPLE embolic abscesses, abscesses secondary to pulmonary neoplasms 
^ and primary bronchiectasis, together with tuberculous and mycotic in¬ 
fections, have been excluded from this study; but cases of acute and chronic 
suppurative bronchopneumonia and abscesses which precede, accompany, or 
follow bronchiectasis have been included. 

In 1936, Allen and Blackman 2 collected 2,114 cases of pulmonary abscess 
from the American literature and found that the mortality in patients receiving 
medical treatment was 34.4 per cent and in those receiving both medical and 
surgical treatment was 34.2 per cent. 

During the past ten years, remarkable progress has been made in the tech¬ 
niques of pulmonary surgery, and one would expect this to be reflected in a 
material reduction in mortality, yet among 2,166 cases collected from repre¬ 
sentative clinics since 1936, the gross mortality remains 34.2 per cent. Among 
906 patients receiving medical treatment, the mortality was 34.7 per cent, while 
the mortality among 744 cases treated by surgical procedures was 32.7 per cent 
(Table I). 

Tables II and III show a wide variation in mortality from clinic to clinic 
for both medical and surgical therapy. Neuhof and Touroff 32 * 83 stand alone in 
reporting entirely satisfactory results with but four deaths in 152 cases, or a 
mortality of 2.6 per cent. This low mortality was obtained by operating on ab¬ 
scesses of less than six weeks’ duration and presumably by excluding from this 
series abscesses designated by Neuhof and Thomas 31 as “acute suppurative 
bronchopneumonia. ”* 

Speaking as an internist, it is my impression that the general practitioner 
and the internist, not the surgeon, are primarily responsible for the conditions 
which result in the death of one-third of the patients who develop primary pul¬ 
monary abscesses. The following analysis of our cases, supplemented by a study 
of the literature for the past ten years, is presented with the hope that the medi¬ 
cal treatment of primary pulmonary abscess can be improved sufficiently to 
give a final mortality for the combined medical and surgical therapy of less than 
10 per cent. 

From, the Departments ot Bacteriology and Medicine, Duke University School of Medicine, 
Durham. 

Read (by Utle) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracic Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 

•The mortality in this type of pulmonary suppuration was 24.2 per cent of 120 cases and 
was primarily medical rather than postoperative. This type of suppurative pulmonary disease 
has been included In our series of abscesses, and it is my impression that it was Included in the 
series presented in Tables n and m, with the possible exception of Arbuckle’s group of 
forty-three cases treated by bronchoscopy with a mortality of 0 per cent. 
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Table I. Totals 



TOTAL 

DIET! 

WELI, 

cnnoNio 

TREATMENT 

number 

NUMBER | PERCENT 

NUMUER | PER CENT 

| NUMBER | TER CENT 

Medical 

900 

314 34.7 

28-4 31.3 

30S 34.0 

Surgicnl 

7-14 

243 32.7 

343 40.1 

108 21.2 


Table II. Pulmonary abscess Mortauty; Suroical Treatment 


AUTHOR 

LOCATION 

NUMBER 


■K EEHB1 

CHRONIC 

WSaM 

mm 


mm 


mm 

Allen and Blackman* 3 

Detroit 

38 

15 

30.5 

20 

52.0 

3 

■mnl 

Cutler nnd Gross' 

Boston 

47 

Ol) 

40.8 

10 

34.0 

9 


Ncuhof nnd TourofT 33 

New York 

132 

4 

2.0 

148 

07.4 

0 


Shaw nnd Blackman** 

Ann Arbor 

138 

50 

40.0 

55 

40.0 

27 

BMtK 

81mw** 

Dnllrut 

33 

5 

1521 

19 

57.0 

0 

27.2 

Lucth’a* 

Chicago 

23 

10 

09.0 

7 

30.4 

0 

0 

Ko5cnl)lntt*9 

New York 

21 

12 

5722 

5 

23.8 

4 

19.0 

Jnckscm nnd Judd** 

Philadelphia 

37 

18 

49.7 

15 

4025 

4 

10.8 

D’lnginnnl 0 

New Orleans 

141 

04 

45.4 

4 

2.8 

73 

51.8 

Over-holt nnd Bumcl 3 * 

Boston 

03 

13 

20.0 

35 

55.0 

15 

23.8 

Smith 

Durham 

G1 

18 

3521 

10 

37-1 

14 

27.4 

Total 


744 

243 

32.7 

343 

40.1 

158 

2122 

•Calculated from data given by tho author. 







Table IIT. Pulmonary abscess Mortality; Medical Treatment 


: 


ij 

| DIED 

| WELL 

| chronic 

AUTHOR 

IO CATION 

I NUMBER 

1 NO. 

i % 

| NO. 

i % 

| NO. 

i % 

Allen and Blackman* 3 

Detroit 

55 

14 

MMm 

30 

msm 

11 

■a 

Cutler and Grow* 1 ' 

Boston 

30 

8 

on o 

20 

55.0 

8 

non 

Slrnw nnd Blackman** 

Ann Arbor 

80 

27 

3o!5 

49 

55.1 

13 

14/. 

Slmw** 

Dallas 

10 

2 

12.5 

11 

03.8 

3 

18.7 

LuctlCas 

Cldcngo 

73 

18 

24.7 

45 

01.0 


13.7 

Rosenblatt 3 * 

Now York 

72 

34 

4722 

4 

5.0 

34 

47.2 

Jackson nnd Judd* 8 

Philadelphia 

87 

23 

20.5 

33 

37D 

31 

35.G 

Kline nnd Berger 3 * 

Cloveland 

07 

20 

45.0 

31 

54.0 



D ’Inginnniu 

New Orleans 

270 

141 

51.1 

8 

2.9 

127 


Ovcrholt nnd ItumeD* 

Boston 

18 

10 

55.5 

5 

27.8 

3 


Arbueklc 3 

8t. Louis 

43 

0 

0 

10 

4421 

24 

55.8 

Smith 

Durham 

84 

11 

13.1 

29 

3415 

44 

62.4 

fSSSM 

■■ 

BBsEflU 

314 

34.7 

284 

31.3 

ES1B 

34.0 


•Calculated from (lata Riven by the author. 


MOPE OP ONSET 

A total o£ 135 cases of primary pulmonary abscess were admitted to Duke 
Hospital from 1910 to 1945 inclusive. The modo of onset is shown in Table IV. 
The number following operations was 37 or 27 per cont. This number has 
varied from a low of 15 per cent in Rosenblatt’s ninety-three cases 30 to a high 
of 64 per cent in Cutler and Gross’ eighty-three cases.' There is a general im¬ 
pression in the literature that tho prognosis is better in postoperative abscesses 
than in tho nonoporative typo. In Cutler and Gross’ series with 54 per cent 
postoperative cases, 36.1 per cont died, 43.4 por cent recovered, and 20.5 per 
cent remained chronic; but in Rosenblatt’s series 30 with 15 per cent postoper¬ 
ative, there was a mortality of 49.5 per cent with only 9.7 per cent well and 40.8 
per cent chronic. There wore unquestionably factors other than “mode of 
onset” which determined the greater mortality in Rosenblatt’s series. 
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Table IV. Mode op Onset 



— 

MODE 



1 


NO. 



Insidious 





67 



Pneumonic 





25 



Tonsillectomy 





14 



Extraction of 

teeth 




11 



Other operations 




12 



Foreign body 





6 



Total 




135 


Table V. Prognosis by Mode of Onset 




DIED 

WELL 

CHRONIC 

MODE OF ONSET 


NUMBER 

NO. 

1 % 

NO. 

% 

NO. 

1 % 

Postoperative 


37 

8 

22.0 

19 

51.0 

10 

27.0 

Postpnenmonic 


25 

8 

32.0 

6 

24.0 

11 

44.0 

Insidious 


67 

11 

16.0 

21 

31.0 

35 

53.0 

Foreign body 


6 

2 

33.3 

2 

33.3 

2 

33.3 

Total 


135 

29 

21.4 

48 

35.6 

58 

43.0 


In Table V there is an analysis of the prognosis by mode of onset in our 
135 cases. There are 51 per cent well in the postoperative group in contrast to 
35.6 per cent for the group as a whole, but there was a 22 per cent mortality 
in the postoperative group and only 21.4 per cent for the entire group. 

From this and other series it does seem that the postoperative group has a 
better chance to make a complete recovery than other groups. The improved 
prognosis may be related more to the shorter duration of the disease when treat¬ 
ment is started rather than to the mode of onset. In our cases the mean dura¬ 
tion of the disease was 4.5 months for the entire group and only two months for 
the postoperative cases. 

With the present almost universal treatment of postoperative febrile re¬ 
actions with penicillin, the number of postoperative abscesses should be ma¬ 
terially reduced. 

DURATION OF DISEASE 

Nearly every writer on the subject of pulmonary abscess has emphasized 
the importance of early diagnosis and prompt treatment. 26 In Lord’s series of 
127 cases collected between 1909-1924, there were no spontaneous recoveries 
after nine weeks. 27 Among the 210 cases reported by King and Lord 20 from 
1924-1932, there were thirty-four or 30.9 per cent medical cures in the acute 
cases of less than two months and only eleven or 11 per cent cures in the 100 
cases of more than two months’ duration. In the series of Flick and associ¬ 
ates 11 of 121 cases, the recovery rate.was 70 per cent when the disease was less 
than three months old. Jackson and Judd 18 obtained their best results with 
bronchoseopic treatment when the disease was of four to sis; weeks’ duration. 

In 1926, Miller and Lambert 30 selected three months’ duration as the ideal 
time for the open drainage of pulmonary abscesses. Before this time the pa¬ 
tients have not developed their maximum immunity to the infection, and after 
three montlis the progressive fibrosis and dilatation of veins increase the hazards 
of the operation, both from postoperative hemorrhages and from thrombosis and 







smith: acuti: and chronic puhmonary abscesses 


75 


embolism. "With the introduction of sulfonnmidcs nnd penicillin the spreading 
infection nlwut the abscess enn lie controlled and operation can and should be 
performed much sooner. 

Nculiof nnd Touroff 13 insist that open operation for the drainage of iso¬ 
lated abscesses should be done before the end of the sixth week, and they have 
treated 152 cases of this type with a mortality of only 2.G per cent. Lindskoff* 
obtained a mortality of 4.5 per cent in twenty-two eases of less than two months’ 
duration, nnd Overholt nnd associates"* a mortality of G per cent in thirty-five 
simplo nbsccsscs of less thnn six weeks’ duration. 

In 193S, Rives, Major, nnd Romano” analyzed the cause of death in 100 
fatal eases of pulnionnry abscess nnd found n death rate of 57 per cent in the 
acute eases admitted to the hospital during the first four weeks of tho disease, 
only 15 per cent for those admitted between the fourth nnd eighth weeks nnd 9 
per eont between the second and third months. Since these cases were studied 
before tho introduction of sulfonamides nnd penicillin, we may assume that they 
represent the initial high mortality from the disease itself which Jliller nnd 
Lambert sought to avoid by delaying the operation until the second or third 
month. Even with the aid of sulfonnmidcs nnd penicillin, Nculiof nnd Touroff” 
hnvo advanced tho time of operation where they arc finding a more acute type 
of abscess which they call “hyperacute.” There hnvo boon three deaths 
(7.3 per cent) in forty-one eases of this “hyperacute” typo nnd only ono in the 
remaining 111 cases of acute singlo abscesses. 

In Table VI is presented an analysis of our 135 cases classified on tho basis 
of tho duration of the disease at the timo of admission to the hospital. There 
were thirty-eight cases of less thnn four weeks’ duration. Two of these patients 
wero treated surgically nnd both died. Of the thirty-six treated medically, five 
died (14 per cent), nineteen recovered (53 per cent) nnd twolvo improved (33 
per cont) but were transferred to Burgery for operation. Thore wero no surgical 
deatlis in the five patients operated on between (lie fifth and twelfth weeks of 
tho disease. Among the twenty-four patients treated medically, one died, six 
recovered and seventeen were transferred to surgery for operation. Apparently 
the optimal time for medical treatment is during the first four weeks of tho dis¬ 
ease, and this must bo calculated from the onset of the first febrile reaction and 
not from tho time tho first purulent sputum is produced. After tho third month 
of tho disease, medical treatment cured only four (5.3 per cent) of the seventy- 
fivo cases, whilo five (G.7 per cont) died nnd sixty-six (88 per cent) remained 
chronic. 


Tadle VT. Prognosis by Duration; 135 Oases 




2 TO 4 

| WEEKS 1 

5 WEEKS TO 

3 MONTHS i 



1 YEAH TO 

10 YEARS 

TYPE 

TREATMENT | 

, 

j 

2 ! 
55 1 

O 

B 

O : 

§ 

O 

s 

% 

a 


o 

s 

o 

a 

o 1 



o 

s 

1 

o 

a 

£ 

o 1 
1 

, 


Q 

S 


Medical 3 10 3 299 16 17 11 31 33 20 10 16 

Snrgical 000 200 023 804 563254 
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ETIOLOGY 

The primary damage to the lung may be chemical from the irritative oils 
of an aspirated peanut or the effect of gastric secretions aspirated from vomitus, 
or mechanical from pulmonary thrombosis or infarction or the aspiration of a 
solid foreign body. In these four instances the infection in the lung is secondary 
and the prognosis depends to a considerable degree upon the type of secondary 
invader. Embolic abscesses usually are multiple and a part of a generalized 
pyemia, but in some instances single isolated abscesses result from infected 
emboli, particularly from the pelvic veins, and these abscesses cannot be dis¬ 
tinguished clinically from the ordinary aspiration type. 

A large majority of pulmonary abscesses result from the aspiration of in¬ 
fected material from the patient’s own mouth or upper respiratory tract. These 
aspiration abscesses Can be divided into (1) the pyogenic type and (2) the fuso¬ 
spirochetal type. 

BACTERIOLOGY 

In this series of 135 cases of primary pulmonary abscess, thirty-five were 
classified as pyogenic and 100 as fusospirochetal (Tables VII and VIII). 

Aerobic cultures alone are of very little value in establishing the true cause 
of an abscess. The aerobic cultures from ten patients with pulmonary tuber¬ 
culosis, ten patients with pulmonary neoplasm and ten with fungus infections 
of the lungs were compared. Varying combinations of staphylococci, alpha 
streptococcus, Micrococcus cataPrhalis and Micrococcus pharyngis siccus were 
found in all thirty cases. Tubercle bacilli must be eliminated by repeated ex¬ 
aminations after concentration of the sputum, actinomycosis by direct ex¬ 
amination for sulfur granules, and the yeast like fungi by cultures on 
Sabouraud’s medium. Every patient with an abscess who is over 40 yea is of 
age should be suspected of having a pulmonary neoplasm even when the 
bronchoscopic examination is negative, fusiform bacilli should be sought for 
in smears stained with gentian violet. It is important for the technician to 
realize that the large fusiform bacillus so characteristic of Vincent’s angina 
usually is absent in cases of pulmonary abscess. One should look for very 
small, pointed, fusiform bacilli which are practically always present in the fuso¬ 
spirochetal type of abscess. These small fusiform bacilli may be accompanied 
by the thicker spirochetes Borrdia buccale and B. vincenti. If fusiform bacilli 
are present and no spirochetes are seen in the gentian violet preparation, ad¬ 
ditional examinations should be made with the Fontana stain or the dark-field 
apparatus to demonstrate the smaller type of spirochetes, Treponema macro- 
dentium and Treponema microdentium, which are characteristic of the fuso¬ 
spirochetal type of infection. The fusiform bacilli and spirochetes are always 
accompanied by vibrios, gram-negative bacilli, including Bacterium melanino- 
(jenicum, and anaerobic gram-positive cocci. Staphylococcus albus and aureus 
may or may not lie present. 

If one has eliminated tuberculosis, neoplasm, fungus infection, and fuso¬ 
spirochetal organisms, and the aerobic, cultures contain large numbers of (1) 
Staph, aureus, (2) Pseudomonas pyocyanea (Bacillus pyocyanca), (3) colon 
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Tabu: Vlf. Pyoof-Kic Abscehb 
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Nop. 



i 

Sputum not foul 
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Po*. 




Xrg. 

X'cg. 

Xcg. 

t 

Sputum not foul 

I’OJ. 

Pos. 

Nog. 



Xcg. 

Xcg. 

Xcg. 

i 
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Xop. 

Xcg. 

Xrg. 
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- 
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— 



_ 

1*05. 

Xcg. 

Xcg. 

Xcg. 

a 

Empyema not foul 

Po*. 


_ 

_ 

__ 

Xcg. 

Xcg. 

Xeg. 

1 
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_X»g. 

Xog. 
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— 

— 

Xcg. 

Xop. 

Xcg. 


Total 

35 


Tabu: VIII. KcsoHriROcmrrAi. AuscrRs 
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bacillus, (4) 1’rotcus or (5) pas gangrene organisms, uo can conclude Dial t)io 
patient linn n pyogenic nlisecss. 

The pioneer studies of Kline 11 in Cleveland, Pilot mul Davis 35 in Chicago, 
and Smith 13, 11 in the Adirondack* between 1820 and 1930 established the fre¬ 
quency and importance of the fusospirochetal type of organism as the cause of 
pulmonary alisccss. Kline 3 ' and Smith 13 found the fusospirochetal type of in¬ 
fection in 90 per cent of abscesses in ndults lmt in only 00 per cent of abscesses 
in children. This group of fusospirochetal and accompanying anaerobic or¬ 
ganisms gives the characteristic fetid ml or to the sputum of abscessed patients 
although occasionally the foul odor is caused by (1) colon bncilli, (2) Proteus, 
(3) Pseudomonas pyocyanra, or (4) gas gangreno organisms. 

The multiplicity of organisms present in the fusospirochetal typo of nlr- 
seoss has resulted in considerable skepticism on the part of the medical profes¬ 
sion in accepting this ns a specific type of infection. There is no question that 
this group of organisms as n unit can reproduce in experimental animals the 
typical clinicnl nnd pathologic picture of primnry pulmonary abscess. Experi¬ 
mental lesions of this type have been produced by Kline, 33 Smith,* 1 ' 17 Crowe 
nnd Scnrff, 7 Allen, 1 ffedblom, Joannides, nnd Rosenthal, 10 Harkavy, 13 Van 
Alien, Adams, and Hrdina, 33 Hcrrmmm and Cutler, 17 Ijambort nnd Weeks, 31 
Bethune, 5 Hamilton, 11 Dongncre nnd Herrmann, 35 nnd Weiss and Shevky. 53 
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This sharp difference of opinion as to the value of arsenical therapy can 
be explained in part by the type of ease treated in the different series. Prac¬ 
tically all of the good results have been obtained in the hist eight weeks of the 
disease and the best results in the first ten days when the infection was still in 
the pneumonic stage with the circulation intact and before any appreciable 
necrosis of the lungs had occurred. Arsenieals ai‘e palliative only in cases of 
more than three months' duration. 

SULFONAMIDE THERAPY 

Sulfonamides have a bacteriostatic effect on the gram-positive organisms 
but no effect on the spirochetes and fusiform bacilli. One would expect a sharp 
difference in results between pyogenic abscesses and fusospirochetal abscesses. 
Table IX shows our results in ten eases of pyogenic abscess and twenty-four 
cases of fusospirochetal abscess. There was only one death and six recoveries 
in the pyogenic group, while there were tliree deaths and only two recoveries 
in the fusospirochetal group, although in most instances the sulfonamides were 
given within twenty-four to forty-eight hours after the appearance of the first 
febrile reaction. In DTngiannrs series" there was a death rate of 58.6 per cent 
in patients treated with sulfonamides as compared with 49.1 per cent for the 
entire group: on the other hand, the patients receiving arsenieals or bismuth 
had a death rate of only 34.2 per cent. 

In our experience, sulfonamide therapy for the fusospirochetal type of in¬ 
fection has been harmful in an indirect manner. Patients in the early pneu¬ 
monic stage of the disease usually show marked temporary improvement which 
encourages continuation of the therapy; then later they develop necrotic ab¬ 
scesses which will no longer respond either to sulfonamides, arsenieals, or 
penicillin, and require surgical treatment. 



Table LX. 

Sulfonamide 

Therapy 



TYPE ABSCESS 

NUMBER 

' DIED 

| WELL | CHRONIC 

| FOUL SPUTUM 

Pyogenic 

10 

i 

6 

3 

0 

Fu?o.-"piroclietal 

24 

3 

O 

10 

16 


Table X. 

Penicillin Therapy 



TYPE ABSCESS 

NUMBER 

DIED 

| WELL 


CHRONIC 

Multiple metastatic 

7 

3 

4 


0 

Pyogenic 

3 

0 

2 


i 

Putrid or mixed 

50 

7 

32 


u 

Total 

60 

10 

3« 


12 



i ) 

(03.3# 

) 

(209 


PENICILLIN TREATMENT 

Theoretically, penicillin therapy should be ideal for both the pyogenic 
abscess caused by gram-positive cocci and the fusospirochetal type of abscess, 
because penicillin is more effective against gram-positive cocci than sulfonamides 
and is quite as efficient as arsenieals in eliminating spirochetes. Smyth and 
Billingslea 4S collected thirty-one cases of pulmonary abscess from the literature 
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ami mlded four of their own. Meleney, Friedman, and Harvey’ 1 ’ treated one 
case with penicillin in which there was a Clostridium wclchii infection. Slivel- 
mnii and Knveo*” report the recovery of five of six acute putrid abscesses fol¬ 
lowing penicillin therapy. Nineteen of the patients in our series were treated 
with penicillin. Table X shows the results of penicillin in these sixty collected 
enses. The results are very encouraging. For the early incipient slago of the 
infection, penicillin is certainly the drug of choice (Figs. ], 2, and 3), but it 
is not effective in the chronic cases although the patients muy improve to a 
jvoint where they nre better surgical risks. 



FJff. 1.—Tho x-my film nhow* n pneumonic proof?** In the outer two-thlrda of the right 
upper lobo which contain* n largo thln-wnllcd cavity with fluid level. The patient had putrid 
•putum which contained fusiform bacilli, spirochete*, vibrios and cocci. Penicillin therapy 
in doses of 20.000 units every three hours was started during tho second week of tho disease, 
dating the onset from the first njipenmncc of fever. 


Recent reports' 1 ' *°* ” of penicillin inhalations indicate that patients with 
chronic abscess and bronchiectasis obtain striking temporary improvement which 
makes them better operative risks, but the chronic type of the disease cannot he 
cured by this treatment. 

MEDICAL TREATMENT OF CHRONIC PULMONARY ARSCESS 

Tho ineffectiveness of medical treatment in chronic pulmonary abscess 
lias already liccn discussed in the section on the duration of tho disease. There 
is an occasional caso in which operation is contraindicated or where operation 
is refused by the patient nnd the medical man must attempt treatment. A case 
of this typo is illustrated in the following report. 
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CASE REPORT 

Case 1. —Mrs. G. F. L., aged 20, had her tonsils removed July 13, 1942, under a general 
anesthetic. Some bleeding occurred at the time of the operation, and the patient vomited dark 
blood the next day. The patient was discharged three days after tonsillectomy. A week later, 
while attending a picnic, she was caught in a summer shower and developed a couglu This dry 
cough became progressively worse during the next two weeks, but the patient continued her 
work in a hat shop for another week, when the development of fever and malaise necessitated 
confinement to bed. She began to notice pain in the right side about this time. After three 
days in bed she was admitted to a local hospital and treated with sulfonamides for twelve 
days. The cough was now productive of a very small amount of purulent sputum, and films 
of her chest showed a pneumonic process in the center of the right lung field (Pig. 4). Her 
general condition improved while she was in the hospital, but all symptoms returned with 
greater intensity after her return home. Vitamins, one blood transfusion, and local applica¬ 
tions of heat to the right side did not relieve her symptoms. 



Fig. 2.—The x-ray film is of the same patient as shown in Fig. 1, four weeks after 
penicillin treatment was started. The parenchymal involvement has been absorbed, but the 
thin-walled cavity can still be seen in the right upper lobe. The patient was afebrile and 
there was no sputum at this time. 

On Oct. 2, 1942, about eleven weeks after the tonsillectomy, a rib was resected and drain¬ 
age tubes inserted by a local surgeon. Very little material drained through the tubes; her 
cough became paroxysmal and produced ounces of foul, purulent sputum. She developed high 
spiking temperature accompanied by nausea. 

About Nov. 2, 1942, the pulmonary abscess was drained under local anesthesia, through 
the original thoracotomy wound. She remained critically ill for the next six weeks and then 
began to improve. Postural drainage and general supportive treatment, including twelve 
blood transfusions, were used between September 3 and January 17. 

The patient was discharged from the hospital April 15, approximately six months after 
the first operation on her lung. The sinus in the chest was discharging small amounts of 
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mutcrinl ami her rough, although no longer paroxysmal In character, t*till produce*! nbout 
threo ounces of purulent sputum daily. She rontinued to improve during the Hummer of 1043 
and the sinus in tin* idlest wall closed about tlio lost of August, hut the productive cough per¬ 
sisted. In Feptemlier, 1P41, she had three severe hemorrhages and wns ngnin hospitalized for 
fifteen days. 

She remained at home from Hcptrnd>cr, 104.1, until she runic to Dube Hospital April 4, 
1044, twenty months after tonsillectomy. During the intervul her general condition gradually 
Improve!, but she rontinued producing two to three ounces of foul, purulent sputum which 
occasionally contained blood. Wie had lioen ambulatory during the past six months and usu¬ 
ally nfebrllc, but lind frequent recurring ‘‘colds” with cxnccrhntion of symptom*. 

On physical examination April 4, 1044, the pntient was found to l>e a well-nourished, 
well-developed vouug woman of 22 years who seemed to be suITering from chronic malaise 
but was not acutely ill. A constant harassing, productive cough was the predominant symptom. 
Then* wns moderate clubbing of the fingers nud toes and n healed scar in the right nxilln. 
With these exceptions, nil of the positive physical findings were limited to her chest. Dullness, 
increased tactile fremitus and whlsiK*rcd voice, and prolonged expimtion were present over 
the region of the right upper IoIk*. Rftlcs were present over the lower lmlf of this nren. Koent- 
genogmms of the cheat showed the right lonf of the diaphragm elevated nnd the presence 
of n dense zone of fibrosis extending from the right hilum to the chest wall, presumably in 
the lower jmrt of the right upjH»r loin* (Fig. 5). 



L 


Fig. 3.—This film «bowB the oamo patient three montlu later. Thero ho, been o. complete dlMP- 
peanmee of the shadows from tho right upper lobe, and the patient la onureij well. 



Lnborntorv examination .bowed tlie Kalin, Kline, nnd Mnixini tort. negative. The 
urine wn. normal. Her hemoglobin wnn 13.0 Gm. or 8T per cent with a white blood count of 
8,000 nnd a dlftcrcntinl count of segmented polymorphonuclear. 05 per cent, eoslnoplille* 0, 
lltuwphile. 0, monocyte. 1 per cent, large lymphocyte, 2 per cent, nnd muill lymphocytes 32 
per cent. The eputum wn. purulent, greenish in color, und foul In odor. It wne negative 
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for acid-fast organisms but contained numerous gram-positive and gram-negative cocci and 
bacilli, numerous vibrios and fusiform bacilli, and moderate numbers of spirochetes of the 
T. macroclentium and T. microdentium types. 

Diagnosis .—The diagnosis of chronic pulmonary abscess of the fusospirochetal variety 
was made and lobectomy was advised. Tho patient emphatically refused to consider an op¬ 
eration and requested medical treatment although she was told that improvement with medical 
treatment was very, unlikely and a cure practically impossible. 



Pis. 4.—Case 1. The x-ray film shows a flense pneumonic process in the central portion 
of the right lung field. This infection failed to respond to sulfonamides and progressed to 
definite cavity formation which necessitated open operation and drainage. 

I wish to thank Dr. R. B. Davis, of Greensboro, N. C., for permission to use tills film. 

Treatment .—Tho treatment in this case of chronic fusospirochetal pulmonary abscess 
was long and complicated and was characterized by tho application of a number of well- 
known medical procedures in a definite sequence. In previous cases, none of these pro¬ 
cedures either alone or in haphazard combination gave more than partial or temporary im¬ 
provement. Tho patient remained ambulatory, returning to the hospital at frequent inter¬ 
vals for examination and treatment for the first six weeks and then at biweekly, monthly, 
and finally .three-month, intervals for the remainder of the period of treatment. Postural 
drainage, which had been employed for eighteen months, was continued and vitamins and 
iron were added to the diet. No restrictions were made to her previous routine of living. 

An autogenous vaccine was prepared from a mixture of the anaerobic organisms grown 
from her sputum. Intradermal skin tests revealed that she was definitely sensitive to this 
mixture. Desensitization by subcutaneous injection with a dose which gave neither local 
nor -constitutional reaction was begun. The dose was increased by 0.1 c.c. three times each 
week and continued for six weeks. 



SMITH: ACUTE AND CHRONIC PULMONARY ACCESSES 85 


BuKudinrino In dose* of 1 Gm. every four hours except during the period of Bleep at 
night was started and continued for thirty days. 

Neoarpphonnmino in O.C Ota, doses wns administered intravenously each week for six 
weeks. 

After four weeks of de.-ensitizntion with the vnecino nnd thirty days of sulfadiazine, 
potassium iodide therapy was started. A saturated solution of potassium iodide wns em¬ 
ployed nnd the Initial dose wns 1 drop three times a <lnv in one ounce of water. The potas¬ 
sium lodldo wns increased liy one drop each day, not one drop each dote. The patient was told 
that the iodide wns being given to accelerate the nksorptlon of tho gmnulonmtou* tissue in the 
diseased area and that hemoptysis might occur as the dose was increased. She was instructed 
to discontinue tho potassium iodide if blood were seen In the sputum, remain in l>ed for forty- 
eight hours after tho sputum wns free of blood, and then begin the potassium lodldo again 
with the initial dn*e of l drop three times a day. Hemoptysis did occur on four different 
occasions during the next four months at a dose level of fi to 10 drops of potassium iodiOo 
three times daily. Possibly luvnuse of the previous explanation nnd warning, the jwiticnt 
was not at nil alarmed by the liemoptyscs. 



Flc. G.—Case l. This film shows a dense process In the lower putt of tho rlRht upper 
lol>e Which Is tho restduQ of infection after twenty monttis of treatment, Including open 
operation and dmlnatc. 


By May 18, 1944, six weeks after treatment began, the patient was feeling somewhat 
better. The sputum was reduced bv 10 per cent nnd had lost tho foul odor, but there were 
no changes in the physical findings or in tho film of the client. 

After another month of treatment, on Juno 17, 1944, tho patient roported that she fait 
much better. Tho sputum was reduced by 25 per cent aud now had a yellowish tingo instead 
of tho original greenish color. There woro fewer rfiles in tho right upper lobe, but tho film 
of the chest remained unchanged. 

By July 17, 1944, tho patient teemed much stronger. Tho sputum was reduced by 
another 25 per cent and won produced almost exclusively by postural drnlnnge. Fewer rfllos 
were heard in tho right upper lobe, and films of tho chest showed a 25 per cent reduction in 
tho bIm of tho lesion. Bince the patient wns no longer having hemoptyses, tho dose of iodides 
readied the maximum of 20 drops three times a day; then it was reduced to 3 drops three 
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times a day i ind again carried up to the maximum of 20 drops three times daily. This pro¬ 
cedure of increasing and decreasing the dose was continued throughout the period of treat¬ 
ment. 

After another 'tliree months, on Nov. 1, 1944, the patient looked fine and the sputum 
vras reduced to 8 c.c. daily. There was a striking reduction in dullness noted in the right 
upper lobe, and only an occasional rale could be elicited by an expiratory cough. There was 
an additional 10 per cent reduction in the size of the lesion by x-ray. 

Films of the chest made Jan. 10, 1945, showed increasing fibrotie changes in the lesion 
with, some slight reduction in the size of the diseased area. 



Fig. C.—Case 1. This chest film was made fourteen months after medical treatment 
was started In this case. There Is still some dense fibrous tissue present In the lower portion 
of the right upper lobe and some areas of decreased density which suggest multiple cavity 
formation although the patient has had no cough or sputum for many months. Another 
film made six months later showed the same findings. 


After approximately one year of treatment the patient reported March 3, 1945, that 
she felt even better than she did before the original tonsillectomy. She had no cough, no 
sputum, and not even a cold during the past winter. The fibrous lesion in the lung was 
unchanged by x-ray (Fig. 0). 

Potassium iodide therapy was discontinued June 30, 1945. The patient was in excellent 
condition and had no cough or sputum. 

The patient was still well and free of all symptoms when examined Dec. 5, 1945, although 
the residual fibrous lesion in the lung persisted unchanged. 

Summary of Case .—A young married woman of 20 years of age developed a pulmonary 
abscess after tonsillectomy. The infection was not controlled by sulfonamide therapy, and 
the abscess was drained through the chest wall fifteen weeks after the tonsillectomy; she 
was critically ill for six weeks and remained in the hospital for six months. At the time of 
discharge the operative wound was still draining and she was raising three ounces of purulent 
sputum daily. The sinus in the chest wall closed four months later, but she remained chron¬ 
ically ill with purulent sputum and occasional lieinoptyses for the next eight months. 
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Sho wan examined at Duke Hospital twenty months after the original tonsillectomy, 
whore a lobectomy wns advised but refused by the patient. 

The medlcnl treatment given this case of chronic pulmonary nl»-cess consi>tc<l of: (J) 
desensitlration over a 4. r wlny \>erlc>d with n vaccine prepared from amicrobic organisms grown 
from her sputum: (2) sulfadiazine for thirty dnys; (,1) neonrNphennmino in 0.0 Gm. doses 
each week for six weeks, followed by (4) potassium iodide therapy for fourteen months. 
Hemoptysis occurred four time* during the first four months of the iodide thempy nt a dose 
level of tl to 8 drops three times n day, but did not recur with 20 drops three tiroes n day 
taken in the course of the treatment when the sputum wan scant in amount and the pulmonary 
lesion wn* flbrotic. 

The patient Im* in excellent coudition for eight nmntlih, fioe of cough and sputum, 
but still hns n fibrous n*nr in the lung. 


DISCUSSION 

Tlio prognosis in imlmonary alweess depends upon n number of factors, such 
ns the type of abscess, svhothcr single nnd peripheral or multiple mid com¬ 
plicated by bronchiectasis; whether the infection is n primary aspiration or 
secondary to chemical irritation from a ]>cnnul Or gastric secretions, or me¬ 
chanical from pulmonary thrombosis and infarction or aspiration of a solid 
foreign body. The tyjic of bacterial infection alters the prognosis nnd necessi¬ 
tates certain modifications in treatment. Our experience coincides with that 
of Touroll and Nculiof 51 who state that nonpntrid pyogenic abscesses respond 
poorly to open drainage. In this group iiclongs the type of case which Neirhof 
nnd Thomas 31 call "suppurative bronchopneumonia.” These patients should 
Iro treated with sulfonamides and penicillin nnd lobectomies or pnenmonoctomics 
performed if satisfactory improvement docs not result. Most of onr cases 
following nspiration of peanuts lmvc required lobectomies. 

Aliseessos of the fusospirochetal typo should ho diagnosed in the first week 
or ten days of the disease, dnling the onset from the first febrile rise, nnd 
treated intensively with penicillin witli or without supplementary nrscnicals, 
sulfonamides, or streptomycin. If the patients do not make dramatic improve¬ 
ment, they should lie operated on licfore the end oT the sixth week. Clinical im¬ 
provement alone should not. he accepted ns a satisfactory criterion. There should 
lie a progressive clearing of the pulmonary shadows nnd the patient should ho 
followed until the lungs arc clear by chest roentgenogram. 

In general, the medical treatment of acute pulmonary nlweesses hns been 
distressingly bad during the past ten years. The errors have boon primarily 
Ihosc of the internist rather tlinn the thoracic surgeon. Tho internist too fre¬ 
quently lias failed to determine the ctiologic agent responsible for the pulmonary 
abscess; hns often given inadequate treatment; nnd when tho patient hns mndc 
n partial recovery, lias prolonged tho medical treatment to a point wliero the 
pntient becomes a poor surgical risk. 

In Table II is presented the results of surgical treatment nnd in Table III 
the results of medical treatment. The mortality of 32.7 per cent for the pa¬ 
tients trenled surgically is not much hotter than the medical mortality of 34.7 
per cent. Certainly a considerable part of this relatively high surgical mortal¬ 
ity hns resulted from Iho poor medical treatment given prior to operation. 
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A better idea of the results of medical treatment can be obtained by con¬ 
sidering all patients in Tables II and III as being medical patients before they 
underwent operation. In Table XI we have added the patients who received 
surgical treatment to those who received nothing but medical treatment and 
I’ecaleulated the results. For example, Allen and Blackman report fifty-five 
patients as receiving medical treatment 'alone and thirty-eight as receiving sur¬ 
gical treatment, or a total of ninety-three; but certainly the thirty-eight re¬ 
ceived—or failed to receive—some kind of medical therapy prior to operation. 
In this group of 1,498 patients listed in Table XI, the mortality from medical 
treatment is 21 per cent in contrast to a mortality of 34.7 per cent as shown in 
Table III. The recoveries, on the other hand, are only 19 per cent in contrast 
to 31.3 per cent as recorded in Table III. The most significant finding is the 60 
per cent of this series of 1,498 patients who were still chronically ill after med¬ 
ical treatment. Seven hundred and forty-four of these were then transferred 
to the surgical departments for operation with the results recorded in Table II. 
Not only is the percentage of failures greater with medical treatment, but the 
patients are generally in much poorer condition and usually are not able to 
work, while many of the patients listed as chronic after surgery have only 
minor disability and are able to earn their living. 


Table XI. Pulmonary Abscess Mortality; Medical Treatment 


AUTHOR 

LOCATION 

NUMBER 

DIED 

WELL 

| CHRONIC 

I NO. 

1 % 1 

| NO. 

1 % 

| NO. 

1 % 

Allen and Blackman* 2 

Detroit 


14 



32.3 

49 

52.7 

Cutler and Grosss 

Boston 

83 

8 

9,6 


24.1 

55 


Shaw and Blackmail 4 ! 

Ann Arbor 


27 

11.9 

49 

21.6 

151 

66.5 

Shaw 4 i 

Dallas 

49 

2 

4.1 

11 

22.4 

36 

73.5 

Luetli*28 

Chicago 

96 

18 

18.7 

45 

46.9 

33 

34.4 

Rosenblatt 20 

New York 


34 


4 

4.3 

55 

59.1 

Jackson and Juddis 

Philadelphia 

124 

23 


33 

26.6 


54.8 

Kline and Berger 21 

Cleveland 

57 

26 


31 

54.4 



D ’Ingianni 0 

New Orleans 

417 

141 


8 

1.9 

268 

64.3 

Overholt and Rumel 34 

Boston 

81 

10 

12.3 

5 

6.2 

60 

81.5 

Arbuckle 3 

St. Louis 

43 

m 


19 

44.2 

24 

55.8 

Smith 

Durham 

135 

ii 

8.1 

29 

21.5 

95 


Total 


1498 

314 

21.0 

284 

19.0 

900 

60.0 


•Calculated from data given by the author. 


One case of chronic pulmonary abscess of the fusospirochetal type is re¬ 
ported where the treatment consisted of sulfonamide therapy, neoarsphenominc 
injections, desensitization with an autogenous vaccine, followed by the admin¬ 
istration of potassium iodide. Since occasionally patients with chronic abscesses 
make a complete recovery, no conclusions can be drawn from this isolated case. 

CONCLUSIONS 

1. The mortality in a series of 2,166 cases of pulmonary abscess collected 
from representative clinics from 1936 through 1944 was 32.7 per cent. 

2. Early medical diagnosis of the pneumonic infiltration which precedes the 
abscess is essential for successful treatment with penicillin, arsenicals, or strep¬ 
tomycin. 
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3. Sulfonamide therapy definitely is helpful in pulmonary abscesses caused 
by (tram-positive cocci. 

4. Sulfonamide therapy in the fusospirochetal types of infection gives 
temporary improvement hut fails to cure, and the patient’s progress to chronic 
abscesses which will not respond to penicillin or nrscnienls, 

5. If tlic patient is not improving clinically and clearing steadily, as shown 
in serial x-ray films, hy the end of the fourth to sixth week of the disease, he 
should be referred to the thoracic surgeon for operation. 

6. Inadequate early treatment and prolongation of medical treatment past 
the optimal time for operation are the chief causes for the high mortality from 
pulmonary abscess. 
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TIIOIIACIC CASUALTIES FKOM AX ISLAND CAMPAIGN 
IN THE PACIFIC 

Forrester Paint., M.D., Mu, wav kit, Wis., and David B, .Iknniron, M.D., 
PROVIDENCE. P. I. 

T HIS study concerns 172 battle casualties receiving thoracic wounds in the 
filial campaign in the Pacific. Only patients with wounds penetrating the 
pleura are included. They represent all the thoracic wounded passing through 
the central Pacific from this campaign receiving wounds penetrating the pleura. 

The number of men with thoracic wounds dying in division or field hos¬ 
pitals is not known. 

No evacuation hospitals wore in the chain of evacuation. Early definitive 
treatment was enrried out in the field hospitals and on hoard hospital ships. 
Evacuation was by ship and plane 1.G00 miles to forwnrd general hospitals, 
Army Station hospitals and Navy Base hospitals, thence by air or ship to the 
thoracic center in the central Pacific, a distance of 4,000 miles. 

This record of the treatment and evacuation of thoracic casualties is not 
offered as on ideal system. It simply illustrates the tremendous problems which 
arose in the Pacific due to the great distances to lie covered. No trained thora¬ 
cic surgical teams svcrc available for early definitive treatment. In the four 
general and base hospitals supplying the middle link in the chain of evacuation, 
there were only two surgeons with appreciable training in thoracic surgery. 

It will be noted in Table I. that the number of wounds from high explo¬ 
sives and from bullets in this campaign differs from that in other theaters. 1 

To use the classification of 'Welch and Tuhy* there were twelve thoraco¬ 
abdominal wounds, five thorncoretroperitonenl wounds (two of which arc un¬ 
certain) and no alKlominotbovacic wonnds, making a total of seventeen (9.9 
per cent) wounds that penetrated tlie diaphragm. 

A history of hemoptysis was obtained in 129 (75 per cent of the patients 
which lasted on the average of 4.G days per patient. All hut two enses had a 
history of dyspnea varying from one to fifty days; the average being 12.7 days. 
X-ray evidence of pneumothorax was present in forty-two (24.4 per cent) casu¬ 
alties. There were two (1.2 per cent) casualties with tension pneumothorax. 
One was treated with a flutter valvo and the other by repeated aspiration. 
Hemothorax wns present in 106 casualties. In seventy-five (43.0 per cent) it 
was less than one-third and in ninety-one (53.9 per cent) it wns over one-third. 

TREATMENT IN DIVISION 

The Division Medical Services gave 41 units of whole blood to twenty-six 
(15.0 per cent 1 casualties, an average of l.G units of blood per patient. They 
gave 141 units of plasma to eighty .(40.5 per cent) casualties, an average of 

Road (by title*) at tlio Twenty-Sixth Annual Meutlnc of Tho American AMocintlou for 
Thomeic Surgery. Dotrott, lliclu. May 29, 30, tint! 31, 1946. 
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Table I. Type of Wounds 
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1.8 units of plasma per patient. Five thoracenteses were done in the clearing 
stations on four (2.3 per cent) casualties with an average of 500 c.c. of blood 
being withdrawn per aspiration. In one patient, an air flutter valve -was in¬ 
serted to relieve tension pneumothorax. There were seventy-nine casualties 
with sucking wounds that had pressure dressings applied. 

The average elapsed time between the hour of wounding and arrival at a 
field hospital was 6.8 hours. If ten casualties were to be admitted that were 
delayed for long periods of time due to the intensity of the battle or because 
they were wounded in remote areas, then the average evacuation time for those 
remaining would be 5.4 hours. It is interesting to note that in addition to the 
traditional litter-ambulance method of evacuation, two casualties were evacu¬ 
ated on LSTs and three w r ere evacuated by liaison planes. 

TREATMENT AT FIELD HOSPITALS 

Under this heading will also be included all treatment given by hospital 
ships which early in the campaign took casualties directly from the Division 
Medical Sendee or soon after their admission to the field hospitals because of 
the congestion that existed there. 

Ninety-four (54.6 per cent) casualties received a total of 226 thoracenteses 
an average of 2.4 aspirations per patient with an average amount of 367.4 c.c. 
being withdrawn per aspiration. (Note in twenty-three instances the amount 
withdrawn was not recorded). All but twenty-four (13.9 per cent) of the 
wounds were debrided, of which nineteen were due to high explosive fragments 
and nine were due to bullets. Of the 144 wounds that were debrided, ninety- 
nine (57.6 per cent) were primarily sutured. The remainder had petrolatum 
gauze packs or dressings applied. Of the ninety-nine patients receiving primary 
suture, the defect was so large in thirteen patients that a muscle flap was used 
to close the defect. In this group of thirteen patients, four subsequently 
developed empyema, which in two of the cases apparently was due to an infec¬ 
tion and breakdown of the closure with the formation of a pleurocutaneous 
sinus. Also in this group of thirteen muscle flap closures two patients developed 
an atalectasis and another clotted hemothorax. 

The records were not sufficiently detailed to permit an analysis of the 
thoracotomies done at the field hospitals. There were seven recorded. One was 
for the removal of a metallic foreign body. The other six consisted of an en¬ 
largement of the wound for the removal of shattered rib fragments. It is be- 
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lioved (haf there were wore, /or several of llio healed soars suggested (lint n 
limited thoracotomy lmd been done. 

Laparotomies were done on nine (5.2 per cent) patients because associated 
intrnnbdominal wounds were suspected. Of tbeso nine laparotomies, four pa¬ 
tients had wounds of the liver that were repaired, two had high explosive frag¬ 
ments removed from tho abdominal cavity (location not given) and in three 
no details of the laparotomy accompanied the patient. In four eases lacerations 
of the diaphragm were sutured. There were eight other patients with thoraco¬ 
abdominal wounds who did not receive laparotomies. These x-ray plates 
showed that six had small high explosive fragments in the liver. In one the 
fragment was in the body of a lumbar vertebra and in another a bullet was 
adjacent to the body of a lumbar vertebra. 

There were eight metallic foreign bodies removed. Three of these were 
removed from the abdomen at the time of Inparotomv. Four others were re¬ 
moved from the chest wall (each of these had previously traversed the thoracic 
cavity). One thoracotomy was done for the removal of a metallic foreign body. 

The value of intercostal nerve blocks to control pnin lias been mentioned 
by Blades, 3 Snyder,* and others. In this group of cases it was done only oneo 
at one of the field hospitals. 

There were 111 (6-1.5 per cent) cases that received 35G units of blood an 
average of 3.2 units per case and sixty (34.9 per cent) cases that received 99 
units of plasma, an average of 1.6 units per case. There is no mention made in 
the records that any or the blood aspirated from the hcmothoraccs was used 
for nutotransfusion. There were eight (4.7 per cent) casualties whose only 
treatment was a dressing before they were ovneuated. 

During the earlier phnses of the campaign, patients wero evacuated chiefly 
by hospital ship, but ns the air transport servico became better organized dur¬ 
ing tho campaign, the majority were evacuated by air to forward bases on 
islands 1.600 miles away. The usunl flight was between 8,000 and 11,000 feet. 
There were 104 patients evneuated by ship and sixty-eight by air transport. 
Of those sixty-eiglit going by air, nineteen complained of slight dyspnea at 
some time during the trip, eighteen noted modorato dyspnea, and in five pa¬ 
tients the dyspnea was severe, requiring oxygen for relief. These casualties 
reached tlio forwnrd bases on an average of 9.1 (lays following their injury. 

TREATMENT AT GENERAL HOSPITALS ON FORWARD BASES 

In sixty (34.9 per cent) patients it was found that treatment in the for¬ 
ward areas had been adequate so that only convalescent caro was needed at 
these general hospitals. Fifty (29.1 per cent) patients were given 139 units of 
blood, an average of 2.8 units per case. There were 239 thoracenteses done on 
ninety casualties, making an average of 2.7 aspirations per patient. An aver¬ 
age amount of 404.8 c.c. was withdrawn per aspiration. 

Five patients with empyema bad a rib resected to establish open drainage. 
Four of theso were eventually evacuated to the mainland for further treatment. 
The lung of the fifth patient completely re-expanded and he was discharged 
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to duty. Six casualties had foreign bodies removed. Three were removed by 
elective thoracotomy, one from the chest wall, one at the time of a decortica¬ 
tion, and one through an esophagoscope. All were sent to duty without com¬ 
plications except one who developed a postoperative collapse of the entire left 
lung. Ee-expansion was obtained only after a decortication was done at this 
thoracic center. 

Decortications were done on four casualties. In three a good result was 
obtained and they were returned to duty. The fourth arrived at the thoracic 
center with an infected sinus in his chest wall due to the presence of a neg¬ 
lected drainage catheter. The lung completely expanded, the infection sub¬ 
sided, and the sinus closed while the patient was in this hospital. 

Evacuation to the central pacific thoracic center, 4,000 miles, was usually 
by air, either continuoss, stopping only for gas twice, or with one stop of a few 
hours at about the middle of the trip. The usual flight was between 8,000 and 
11,000 feet. There were 149 casualties evacuated by air and twenty-three by 
ship. Of those evacuated by air, thil’ty-foiu* complained of slight dyspnea at 
some time during the trip, eleven noted moderate dyspnea, and six were severe¬ 
ly dyspneic, requiring oxygen for relief. Casualties arrived at the thoracic 
center on an average of 39.7 days following their injury. 

TREATMENT AT THORACIC CENTER OVERSEAS 

Convalescent care only was necessary for 112 ,(65.1 per cent) of the pa¬ 
tients. There were thirty-four patients in this group who had a residual hemo¬ 
thorax which required an average period of 24.8 days to complete its absorp¬ 
tion before the patient could be returned to duty. Thirty-eight (22.1 per cent) 
casualties required au average of 3.1 thoracenteses. Transfusions of whole 
blood were given to sixteen (9.3 per cent) cases, an average of 3.2 units being 
given per patient. Delayed wound closures were done on sixteen (9.3 per 
cent) patients. 

There were twenty-seven foreign bodies removed; thirteen by elective 
thoracotomy, eight at the time of decortication, and six were removed from 
the chest Avail. Fourteen patients required a decortication; ten for clotted 
hemothorax, and four for empyema. Two cases had an open drainage for mas¬ 
sive empyemas. 

FOREIGN BODIES 

A summary of the treatment of foreign bodies in this series indicates that 
a total of forty-one foreign bodies ivere removed from the following locations; 
lung fifteen, chest wall eleven, mediastinum two, heart wall one, lung or pleural 
cavity during decortication nine, and abdomen at the time of laparotomy three. 
One or more of the following indications for removal existed; large size .(over 
1.5 cm. in diameter) twenty-three proximity to vital structures four, sharp, 
irregular edges four, small abscess, about the foreign body three, hemoptysis 
two, foreign body in an empyema caA r ity two, and pain and cough one. 

* Twenty-two of these patients had good results and were, returned to duty. 
The remaining nineteen were evacuated to the mainland; eleA’en for other dis- 
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nbility nol connected Avitli the chest wound, seven foe com'iilcsccnce following a 
doeorfienlinn mid one Ix-cmise of dyspnea mid easy fatigability. One developed 
n bronchopleural fistula ami on admission to the thoracic center lie had n total 
eollnpse of his left lung. This responded well to decortication. 

Thirty-two casualties were discharged to duty with smalt retained metallic 
foreign bodies. There were seventeen more with retained metallic foreign 
bodies that were evacuated to the mainland; seven for further observation 
mid fen for reasons not related to the retained foreign body. 

JICJIOTIIOUAX 

In this series of eases it is Holed that fifty-two casualties received thora¬ 
centeses on the first day of their injury, fourteen on the second day, seven on 
the third tiny, eleven on the fourth day, five on the fifth day, four on the sixth 
dnv, twenty-five on the seventh to fourteenth days, thirteen on the fourteenth 
to twenty-first days, and six on the twenty-first lo fifty-sixth days. There 
Merc thirty-five casualties that had no thoracenteses. There is nothing to indi¬ 
cate that bleeding was reactivated because of early thoracenteses in any of these 
patients. There was no intentional air replacement of the aspirated blood nl 
the time of thoracenteses, which is in accord witli the current feeling. 1 ' “> “ By 
the time that these casualties reached the thoracic center, the hemothorax in 
most eases was stabilized and undergoing absorption. There were thirty-four 
patients with small homothoraees who required an average of 24.8 days to 
absorb the remainder of their fluid. In twenty-five more homothoraees the 
fluid cleared with a combination of aspiration amt absorption. 

There were eighteen patients who received decortications. A brief sum- 
man- of these eases appears in Table II. 

The decortications were done on the average of 5.5 weeks after injury. The 
shortest inten-ul was two weeks and the longest was eleven weeks following in¬ 
jury. No particular technical difficulties were experienced in doing the decor¬ 
tications which is in agreement with the experience of Churchill,' Tuttle and 
associates, 7 hush mid associates, 11 Samson and associates 13 and others. Good 
results were obtained in fourteen cases. Two patients had good re-cxpiuision 
of their lung hut their convalescence was prolonged and at the timo of evacua¬ 
tion they continued to have a decreased expnjtsion of the chest on the injured 
side. Two poor results were obtained; one patient had a considerable amount 
of deformity of the chest ivall with a markedly thickened pleura and the other 
had a persisting bronchopleural fistula witli partial collapse of the injured 
lung. Seven of these patients wero discharged to dnty, nine were transferred 
to tlio nminlniid for convalescent care only, and two were evacuated for further 
treatment. 

EMl'YEMA 

In this series thirteen patients had frank infection of their liemothoraces. 
This is an incidence of 7.6 per cent which compares very favorably with the 
rcportB of Tuttle and associates, (16.8 per cent), 7 Nicholson and Scadding (33 
per cent),* Bnrford (11.2 per cent), 10 and Pain and Plankers (11.0-per cent). 11 
A summary of these thirteen empyemas is presented in Table III. 
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Bullet wound; H = High explosive. 
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Table ITT. Summart op in Casualties with Empyema 
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Table IV. Summary or the oo Patiextr Evacuated to the Mainland 


Evacuated for cause not rotated to tho cheat wound 34 

Evacuated Because of the chest wound find its complications 32 

For convalescence only (would l>o aide to do duty witldn a few week*) IS 
Observation for rctnindod metallic foreign bodies 7 

Chronic empyema 5 

Pulraonnry lutwreutasis 1 

Tmunmtie cyst of tho lung 1 


32 


Table V. Summary or tiee Complications 


comp lications and areas Arruernn 
Lungs and pleura 

Clotted hemothorax (largo) 

Empyema 

Bronchopleural fistula 
Following decortications 
Following removal of MFlt 
Atnlnctneta 
Tabcrcnlosis 

Traumatic cyst of the lung 
Persistent pleuritic friction roh 
Heart and groat vessels 
Tachycardia 
Tranmntic myocarditis 
Aortic diastolic murmur 
A-V aneurysm (rt. sulichwinn nrl.) 
Liver 

Acute hepatitis 
Multiple abscesses 
Kidney 

Suliadiarino crystal colic 
Spinal cord 

Transection (partial) 

Concussion 
Thr ombophlobU s 
Decubitus ulcor 


NO. 


10 

13 


1 

1 
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4.1 
1.8 
1J? 
0.0 
0.0 
0.0 
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Table II. Summary of Cases Treated by Decortication 
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TJJAUMATK.' DIAPHRAGMATIC (I URN IA 

Nn.ix JIumiKs, M.D.,» Mkmi-iiis, Tkxx., Kahi.k 11. Kav, M.l>.,t Ci.kvkuvxd, 
Ohio, B. II. Mkaok, Jit.. M.H.,t Ciiicac.o, T. ]{. llrnsox, M.D.,* 

CllICAUO, llJ.., AXtl Jt'l.TAX JoilXKOX. M.D.,* PlIIl.ADIXl’UIA, Pa. 

D IAPHRAGMATIC hernias of traumatic. orism have been seen with in¬ 
creasing frequency during tin* period of the war. Many of these have 
resulted from ponctratting wounds and injuries: others have heen caused hy 
crushing injuries and automobile accidents, and a few have resulted from in¬ 
cidents causing a sudden increase in the intm-al<dominnl ])ressurc. The pur¬ 
pose of thus paper is the presentation of twenty-eight traumatic diaphragmatic 
hernias operated upon at Kennedy General Hospital during the pnst three years. 
Injuries of the diaphragm were associated with other injuries, and with few 
except ions those injuries were repaired when the original operation was per¬ 
formed. Of the approximately 2,000 patients with chest wounds who were 
admitted to Kennedy General Hospital from January, 1044, to April, 1946, 
only sixteen had diaphragmatic hernias. The twelve others had diaphragmatic 
hernias resulting from injuries unrelated to a battle. 

KTIOI-OOtO, KACTOltR 

Penetrating wounds due to machine gnu, rille, or pistol bullets caused 
twelve hennas. Shell fragments caused the defect in four, and in one patient 
the injury was the result of a'stub wound. Automobile, truck, or jeep accidents 
caused the diaphragmatic injury in nine patients; one injury was the result of a 
fall, and another the result of jumping from a truck. 

The diaphragmatic wounds were the result of either a penetration (seven¬ 
teen) or rupture (eleven) of the structure. Much has ticen written ulraut the 
contusion type of injury commonly seen in civilian practice and most often due 
to nutomobilo accidents. 

The embryology, development, anatomy, and location of anatomic diaphrag¬ 
matic defects where hernias are prone to occur are described in the literature. 
Wo are unable to correlate anatomic weakness with the size and location of 
these hernias. (Din gram 1.) A small defect 1.5 cm. was found due to an 
automobile accident in one pntient, while a 15 cm. defect was found in another 
patient who had fallen a short distance. Several small defects wore the result 
of bullet wounds, but a very extensive diaphragmatic defect was the result of 
being subjected to machine-gun fire. 

Tho diaphragmatic hernia occurred immediately hi thirteen of the seventeen 
patients with penotmting injuries and in ten of tho eleven contusion injuries. 
The nlwcnee of herniation after injury is shown in Pigs. 3 and 6. A repair of 
the diaphragmatic injury was made at the original operation in six cases. 

From the Client Surgical Hcetlou, Memphis, Tennessee, Kennedy denoral Hospital. 

Read at the Twenty-Sixth Annual Meeting of Tho American Association for Tlmruolc 
Sundry. Detroit, Mich., May 29, 30. and 81. 1946. 

•Formerly Major, Medlcul Corps. 
tFomierly Lieutenant Colonel, Medical Corp*. 
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It is obvious that increased abdominal pressure as a result of strain may be 
the immediate cause of the herniation through small defects in the diaphragm 
that are the result of previous injury. Occasionally, the original injury was 


LOCATION OF HERNIA 


17 perLCtpatinj? 


/ounds 




insignificant and no thoracotomy was necessary. In only five of our cases was 
the injured diaphragm repaired at the front. The others had wounds produced 
by bullet or shell fragments wliich were so small that no herniation occurred 
until prolonged strain, or a sudden strain, caused enlargement of the defect. In 
one instance this was strikingly demonstrated when a soldier who had had a 
penetrating chest wound thirteen months previously suddenly developed acute 
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TOT. OF INJURY 
Penetrating injuries 
Bullet wounds 
Shell fragment wounds 
Stab wounds 
Nonpenct rating injuries 
Automobile Occidents 

Poll _ 

Total 



TABIJ*. II. HERNIATED OltflANR 


OROAN AND SITE OF HERNIA | NO. | TOTAT. 


Through right diaphragm 5 

IAver 4 

Kidney 1 

Through left diaphragm 23 

Stomach 2 

Stomach and omentum 2 

Stomach nnd spleen l 

Stomach nnd liver 1 

Omentum 3 

Colon nnd omentum 4 

Stomach nnd colon 1 

Stomach, colon, small intestines, nnd omentum 3 

Stomach, colon, small intestine*, liver, and omentum 2 

Stomach, colon, small intehtiiies. spleen, nnd omentum 2 

(Ono associated with n pericardial tear) 

Stomach, colon, small intestines, omentum, splceu nnd 1 

kidney 

Colon, smalt intestines, omentum, and spleen_1 



Table III. Symptoms of Left Diaphragmatic Hernia (23 Cares) 


TYPE OF HERNIATION _ 

Of sudden hornintion of hollow 
viscus 


Of chronic herniation of hollow 
viscus 


SYMPTOMS 


Unconwdousncvs 
Nausea nnd vomiting 
Dyspnea 
Epigastric pain 


Epigastric pains, especially 

attor meals or when recumbent 
Indigestion 
Fiatulcmco 


r»nca 

ibllng sounds in chest 


Homiution of solid viscus 


Pain in chest 


upper abdominal pain while carrying heavy sacks and was found to have almost 
complete herniation of his Rtomncli into his chest (Fig. 7). Sudden acute symp¬ 
toms wore produced in another case by the soldier jumping from a truck. In 
this instance his colon herniated through a defect only 1% cm. in diameter and 
hy tlio timo ho was admitted to this hospital gangrene of the bowel had developed 
(Fig. 6). Ho mado an uneventful recovory following resection of the colon 
and ropair of tho hernia. Three otlior patients who were known to have hernias 
of' Several months’ duration developed acute obstruction while under observation 
here or at other hospitals. Emergency operation was successfully performed 
in each ease. 
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Ouj- first diaphragmatic liemia was in a man who had been shot through 
the right chest by a bullet in May, 1943. When seen in June he was found to be 
well and roentgenograms of the chest were not significantly abnormal, so that he 
was returned to limited duty. One year later he began having pains in his right 
lower chest and a rounded mass overlying the diaphragm was seen on the 
roentgenogram. Exploratory thoracotomy was performed and he was found 
to have a hernia of a portion of the right lobe of his liver through the diaphragm. 
X-rays of a similar case are shown in Fig. 3. These cases are cited because it 
is believed that many similar ones will arise during the course of the next 
few years. 



Fig. 1A.— P. D. R. An asymptomatic lesion found on routine Army discharge film. The 
soldier was wounded at Pearl Harbor and had done duty for three years. The preoperative 
diagnosis was tumor or encapsulated hematoma. 

SYMPTOMATOLOGY 

Herniation of solid viscera was associated witli rather vague pain in the 
lower chest. When hollow viscera were herniated, symptoms of various types 
and severity developed. In eleven of these due to battle wounds associated 
with other injuries, the symptoms of the hernia were at first frequently masked. 
Later, epigastric pain, especially after meals and when the patient was recum¬ 
bent, flatulence, indigestion, and dyspnea were noted. Several patients eould 
hear and feel gurgling sounds in the chest. 

In the instances of sudden herniation of a hollow viscus, the symptoms 
were more dramatic. In two instances unconsciousness occurred which could 
not he accounted for by the associated injuries. Dyspnea appeared in those 
cases in which the herniation caused considerable collapse of the lung. The other 
symptoms, pain, nausea, and vomiting, were dependent upon the extent of the 
herniation and the amount of obstruction produced. 



numiEs kt Aij.: traumatic niAvnRAOMATic hkrnia 
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Flff. JC_Postoperative rocntccnopmm. 
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Exploration of a draining chest-wall sinus revealed an asymptomatic 
herniation of a portion of the omentum in two recurrences that followed repair 
of a diaphragmatic injury overseas. 

TREATMENT 

Operative repair was successfully carried out in all cases. There was an 
immediate recurrence in one case which was promptly recognized and success¬ 
fully repaired five months later. In all instances a transthoracic approach was 
used and, except in one case, was done under endotracheal anesthesia. The one 
exception was the case in which a preoperative diagnosis of encysted fluid was 
made and at operation a hernia of a portion of the right lobe of the liver was 
found. 



Fig-. 2 A. —C. J. F. Herniation of a cystic kidney following an automobile accident ten years 

previously. 

The transthoracic approach was usually made through the bed of the eighth 
or ninth rib with the patient lying on his side. The excellent exposure so easily 
obtained by this route kept us from considering the abdominal approach. In 
a number of instances the herniated structures extended up to the dome of the 
thorax, and in such eases the adhesions present would have been handled only 
with the greatest of difficulty through an abdominal approach. 

Occasionally, when the hernia was first exposed, it seemed that not enough 
of the diaphragm remained to allow adequate closure, but in every case after 
careful dissection, sufficient diaphragm was developed to permit satisfactory 
closure. In several instances it was necessary to dissect the extension of the 
liaphragni into the transversalis muscle to obtain closure without tension. Two 
•ows of interrupted silk sutures were used, the second burying the first. When 
lie diaphragm was detached from the chest wall, mattress sutures through the 
kest wall tied over tubes were employed to obtain a secure closure. This was 
bllowed by interrupted intrapleural sutures. In the first half of the series of 
ases the phrenic nerve was not always crushed unless the line of the defect was 
uch that contraction of the diaphragmatic fibers caused a pull on the suture 
ne. Following the immediate recurrence of one hernia after excessive 
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FIpr. 2B.—One year after first repair elsewhere. 



Fig- 2C7.—KiHMitgenogrom following nephrectomy and second repair of the hernia. Mat¬ 
tress suture* of tantalum wire were plunsl through tho diaphragm and the chest wall and 
tied over rubber tubing boenuao the diaphragm had been detached from the cheat wnlL 
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diaphragm and was asymptomatic. The operations in sueh patients were done 
for other associated conditions. In four cases in which the liver was the herniat¬ 
ing organ, only a presumptive preoperative diagnosis of diaphragmatic hernia 
was possible. Two of these have already been referred to as examples of an 
apparently slight injury to the diaphragm which later, after more than a year, 
allowed herniation of the liver. In one case, the incarceration of the stomach 
resulted in progressive distension until the entire left pleural space was 
filled. However, there was no impairment of the blood supply. The left lung 
was completely atelectatic. After enlarging the defect, it was possible to ex¬ 
press the air from the stomach through the rubber tube inserted through the 
nose prior to operation. Separation of adhesions was then possible, allowing 
reduction of the hernia. 





Fig. (I.—W. N. Roentgenogram of chest twelve hours following a Jump from n truck. 
Herniation of the colon had occurred through a defect 1.5 cm. long. Approximately 15 cm. 
of gangrenous colon was resected and a double barrelled colostomy performed after the chest 
was closed with Intercostal tube drainage connected to a water trap. Recovery from this opera¬ 
tion and closure of colostomy was uneventful. 


In only two of the entire series of hernias was a definite sac demonstrable. 
There often was a membrane covering a part of the herniated structure, but it 
was not complete. Adhesions between all structures were always present, but 
varied in extent and character. At times it was impossible to separate the 
herniated structures from the lung without some damage to it. The size of 
the opening in the diaphragm varied greatly from one of 1.5 cm. in diameter to 
one that involved the entire dome and extended into the pericardium. 

The dome of the left diaphragm was the site most commonly involved, 
herniation through this area occurring in twelve cases. (Diagram 1.) The 
other sites were: right dome, three; right posteriorly, two; left posteriorly, 
two; left anterolaterally, two; left laterally, seven. The contusion defects are 
seen to he more peripheral and the penet 2 'ating defects more centrally located 
on the diaphragm. 
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lferoiutlon of the colon through a defect 1.5 cm. long was followed by 
gangrene of the colon. The gangrenous portion of bowel was removed by cutting 
between clamps, and the two ends of the bowel covered with rubber glove and 
pushed out a left rectus incision. The defect was then repaired, the pleural 
cavity irrigated with saline, penicillin instilled, the lung expanded, and 
the plournl spaec drained by an intercostal tube connected to a water trap. 
A double-barrelled colostomy was then performed. 

One lnrgc hernia was associated with.an 8 cm. pericardial tear; another 
with herniation of the kidney, spleen, stomach, jejunum, ileum, colon, and 
omentum. These structures were densely adherent and completely covered the 
lateral portion of the diaphragm. A constricting ring defect around a herniated 
stomach was found in one ease (Fig. 4). Had this progressed, it could have 
led to ischemic changes that would have been followed by perforation. 



A. b. 

Fig. 7.—H. V. a. Iloglonnl JloHpIttil nHtntgcnogruni with tlio patient supine showing a 
greatly distended ntumnch ptirtlully fllltvl with hurlum occupying the left plournl cavity. This 
Prisoner of War watt injured in France In 1UI4. nntl Imrl been working in this country for a 
yenr. Tlio herniation followed currying heavy rucks. It, jKistopcmtivo roentgenogram. Bo- 
covcry was uneventful. 

In ono instance, following a previous repair elsewhere, the diaphragm had 
been severed from its attachments to the posterior chest wall. A hydronephrotic, 
congenital, bifid kidney herniated through this defect. In this patient it was 
necessary to mobiliro and remove the kidney before the diaphragm was repaired. 
Mattress sutures were passed through the diaphragm and chest wall to obtain 
a secure closure. Additional interrupted sutnres were also employed between 
the dinplmagm and intercostal muscles. The lung was collapsed to varying 
degrees, hut in all instances re-expuuded without difficulty. The length of time 
during which the collapse had been present seemed to make little difference 
hi the ease with which re-expansion occurred. Although the chest was aspirated 
in two patients with herniated slomach and intestines, under the mistaken im¬ 
pression of pleural fluid, no harm resulted. At the time of the repair of the 
hernia, no evidence of infection or other damage was found. 
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COMPLICATIONS 

In one instance there was a rupture of the sutured diaphragm during the 
first day after operation. This was apparently due to the violent contractions 
of the unparalyzed diaphragm produced by vigorous use of intratracheal suction 
during the first few postoperative hours. The condition was promptly recog¬ 
nized and corrected. After this the diaphragm was paralyzed in each case 
except with small defects on the right side. In one patient in which the lung 
was damaged while separating it* from the herniated liver, a pneumothorax 
developed which persisted for a short time. Pleural effusion of transient nature 
occurred three tunes and in one patient an empyema developed. This patient 
had previously had an empyema complicating the original injury that required 
treatment before the hernia could be repaired. 

SUMMARY 

1. Aoi analysis of twenty-eight traumatic diaphragmatic hernias that were 
repaired at the Kennedy General Hospital during the period from Jan. 1, 1944, 
to April 1, 1946, is presented. Sixteen of these were due to war wounds of the 
diaphragm, nine resulted from automobile accidents, two from falls, and one 
from a stab wound. 

2. The right diaphragm was the site of hernia in five cases and the left in 
twenty-three. 

3. Obstructive symptoms necessitated emergency operations in five cases. 

4. Koentgenographic studies were diagnostic when hollow viscera were in¬ 
volved. 

5. The diagnosis was not made until thoracotomy was performed in eight 
cases. These were instances in which the liver or omentum were the herniating 
structures. 

6. Repair of the hernia was accomplished in every case through a trans¬ 
thoracic approach. 

7. Endotracheal ether anesthesia was used in each instance except one. 

S. The diaphragmatic repair was accomplished by means of two rows of 
interrupted silk sutures. 

9. Paralysis of the diaphragm was induced in ten cases at the time of opera¬ 
tion and was made a routine procedure. 

10. Although excellent results were obtained in all patients before their 
discharge from the hospital, one immediate postoperative recurrence developed 
that was repaired later. Transient pleural effusion occurred in three patients, 
transient pneumothorax in one, and an empyema in another. 

CONCLUSION 

Apparent slight injuries to the diaphragm may give rise to herniation at 
a later date. The medical profession should keep this fact in mind in dealing 
with veterans who have had wounds of their chest and with others who have had 
previous episodes of trauma, such as an automobile accident or a fall. Hernial 
repair was obtained in all cases presented. The transthoracic approach under 
endotracheal anesthesia allows optimum exposure. 



KXTHAPLEURAL PNEUMONOLYSIS WITH LUOITE PLOMBAGE 

A PtlKLlMlXAHY lU'.l'OUT 
David A. WTi-sox, M.D. 

(iHEKXVIU.E, S. C. 

INTRODUCTION' 

pIllHINO Ilio pus! fifteen years we have seen a gradual improvement in the 
^ surgical treatment of pulmonary tuberculosis. There lias been a definite 
lowering of the mortality and morbidity rotes and a general improvement in 
the patient’s prospect for the future. This advancement has been tho result 
of improved anesthesia, operating, and operating room techniques, and tho 
liberal use of blood, plasma, and prophylactic chemotherapy. The addition of 
pulmonary resection to the surgical management has been another step forward. 
Many who previously were considered hopeless arc now given a favorable 
prognosis. 

Despite this optimistic outlook, one still sees a great numlier of patients 
with stabilized pulmonary tuberculosis who cannot be mnnngcd by any of the 
present-day surgical methods of treatment; tbnt is, patients with bilateral 
apical cavities, patients with low vital rapacity, and patients of advanced age. 
For these patients we are constantly seeking new methods of treatment. 

An approach to the solution of the problem has lieen extrapleural pnen- 
nionolysis and plumbago. The advantages of Ibis procedure have been pointed 
out by previous workers. It permits the selective collapse of the diseased lung 
and preserves the function of good lung tissue. It stabilizes the mediastinum 
and lessens the danger of bronchogenic spread. Tt preserves the normal chest 
structure. 

The deterring factor which lias prevented the successful utilization of this 
operation has been the lack of a solid material which can lie molded to fit 
varying sized pockets and which can Is 1 left in the chest permanently without 
danger of harmful effects. 

An attempt toward the experimental solution uf this problem was begun 
in the fall of 1943, utilizing a plastic resin, methyl methacrylate, more com¬ 
monly known by its trade names as Lueitc, Plexiglass, Crystallite, Yitnrilic, and 
others. This paper is n summary of the experimental studies and a prelim¬ 
inary report of the first fifteen patients in which Ibis material has- been used 
to maintain a surgical collapse of the lung for the trontment of pulmonary 
tuberculosis. The first pntiont wns operated upon in July, 1945, and the 
fifteenth in December, 1945. 

IlISTOKICAI, 

‘Extrnpleuml pneumonolysis in ono of tho oldest operations in thoracic surgorv. It 
was introduced by Tuffier in 1891. 

From n surgical stnmlpoint it is nn attractive procedure utilizing skill nml judgment. 
From a tbeoreticnl standpoint the operation is sound in tlmt relaintion of the lung in n 

From tlie Department of SurKory ami Burpicnl Research, Duko Vnlveralty School of 
Medicine and Duke Hospital, Durluim. N. C. 

Read (by title) at the Twenty-Sixth Annual Meeting of The Amcncnn Association for 
Thomelc Sunsery. Detroit, Mich., May 29, 30, And 31, 1946, 
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limited area or in'all directions can be secured by extrapleural freeing of the lung. ' From 
a practical standpoint it bas been most disappointing. The criticism has arisen not so much 
from the operative procedure as from the material which has been used to maintain the 
collapse. 

Fat taken from the patient’s subcutaneous tissue was first utilized by Tuffier in 1910. 
In his series of eleven cases there was only one cure, and there were four deaths. 

Baer, in 1913, employed a paraffin mixture which hardened at body temperature and 
met the mechanical requirements better than fat. This material was used extensively in 
European hospitals by Sauerbruch, Nissen, and co-workers. In this country the operation 
never became popular, because complications which were difficult to manage frequently at¬ 
tended its use. Necrosis of thin-walled cavities and penetration of the free pleural cavity 
occurred. Severe infections were common. 

Head as late as 1937, advocated the paraffin pack as a preliminary to thoracoplasty 
in the management of large apical cavities. He observed a higher percentage of favorable 
results than when thoracoplasty was performed as the initial operation. He attributed this 
fact to the lessened danger of contralateral spread as a result of diminution in size of the 
cavity and stabilization of the mediastinum prior to thoracoplasty. Twenty-four of the 
thirty-one patients in which this type of management was used had conversion of their 
sputum, three were improved, two were made worse, and two died. Perforation of the 
paraffin 'into the lung occurred in four patients. 

Casper, Sauerbruch, Schlange, and Matson used plain gnuze to fill the extrapleural 
space. In a preliminary report in 193S, Matson reported eighty-one patients in whom 
gauze had been used to maintain an extrapleural collapse. Conversion of sputum was secured 
in fifty-four patients. Only fifteen were considered clinically well with the pack removed. 
Infection occurred in eighteen patients, necessitating early removal of the gnuze. There 
were four deaths, none directly attributed to the operation. 

Archibald, Alexander, Churchill, Goffaerts and DoWinther, Sebrechts, and Shivers have 
advocated filling an extrapleural pocket with pectoral muscles detached from the chest wall 
and liumerous. Archibald and Butler, Skinner, Douglas, and Merkel combined muscle packing 
with thoracoplasty. The disadvantages of these procedures were the increased operating 
time, the limited amount of muscle available for use, and the tendency of the muscles to 
atrophy. 

The maintenance of an extrapleural spnee by means of air refills wns first attributed 
to Mayer in 1913. In 1920, Bieckenberg and, in 1921, Jessen reported a small series of 
successful cases. In 1932, Jachia and Sebestyen advocated combining an extrapleural pneu¬ 
mothorax with an unsuccessful intrapleural pneumothorax. Between 1933 and 193S an in¬ 
creasing number of cases wns reported by Belsey, Graf, Nissen, Michelsson, Overholt and 
Tubbs, Schmidt, and Zorini. In 1939 Schmidt, and his co-workers- 1 . o, n, 32 reported 544 cases 
with a good percentage of favorable results. 

The use of extrapleural pneumothorax gained widespread popularity in this country 
between 1938 and 1940. This popularity, however, was short-lived. It soon became evident 
that air was not an ideal material to maintain an extrapleural collapse of the lung. The 
postoperative management was difficult. Refills were necessary at frequent intervals, and 
re-expnnsion of the lung failed to occur when treatment was discontinued. The space then 
had to be obliterated by means of a thoracoplasty or by filling with oil. 

In 1940 Dolley, Jones, and Skillen reviewed the results of treatment of over 2,277 
patients from twenty-seven clinics where extrapleural pneumothorax had been in use for 
more than two years. The results varied with the extent of the disease of the patients selected 
for operation. Conversion of the sputum wns secured in only 53 per cent of the patients, 
and 11 per cent were dead. There was a high incidence of infection. 

EXPERIMENTAL STUDIES 

Methyl methacrylate is a plastic manufactured from acetone, hydrogen 
cyanide, and methyl alcohol in the presence of sulphuric acid. The polymerized 
product is marketed in a clear solid form which softens at 105° C. and can 
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'«-• molded easily into any desired slmpe. It is light in weight, lias a tensile 
strength of from G,000 to !),00f) lh. per square inch, and is not affected hy 
weak acids or alkalies. It. absorbs a negligible amount of water. 

The use of methyl methacrylate in experimental animnls to repair skull 
defects was first reported hy Klcinsehmidt in January, 1910. Prior to this 
time it lind been used extensively in dental prosthesis and had been shown 
to l>c nonirritating when left in contact with mucous membrane for a long 
period of lime. 

In our studies 31 the methyl melhacrylato in the form of small halls was 
inserted into the pleural cavity of thirty nils and into the extrapleural space 
of ten dogs. The animnls were carefully oliserved, and x-rnvs of the chest 
were taken nt frequent intervals. Autopsy was performed ten days to eight 
months after operation, and the tissues studied histologically. 

The material was well tolerated hy all of the experimental animals. X-ravs 
revealed no excessive accumulation of fluid around the implants nor pneumonitis 
in the adjacent lung tissue. Kmpyenm occurred in two of the rats. 

The tissue renetion around the halls in the extrapleural space was similar 
to that observed hy Klcinsehmidt. During the first few days following opera¬ 
tion, the implnnts were surrounded by a small amount of scrum which rapidly 
clotted and became organised into a dense Inyer of hyaline connective tissue. 
Numerous eosinophilcs wore observed in the connective tissue dnring tho first 
few weeks, but there were no foreign-body giant cells, even nftcr eight months. 

ANTlicn; jmplanted directly into tho pleural cavity, the methyl methacrylate 
produced little effusion. In ten of the rats the pleura remained intact, and 
the 1 methyl methacrylate balls were still free in the pleural canty several 
months nfler operation. Histologic, studies revealed some thickening of the 
pieura nncT'-'infiltration of eosinophilcs into the submesothelinl region. The 
compressed, lung showed varying degrees of atelectasis. 

CT.TNICAI, STUDIES 

In tlio beginning of this cllnicnt work tho nnthor wns convinced by tho phynical nnd 
chemical properties nnd from the nnininl experiments thnt methyl metlmcrylnto fulfilled tho 
qualification* of nn ideal plomhnge mntorinl. It is inexpensive nnd readily nvnilablo.* 
It can be molded Into nny desired shnpo prior to operation. It is of such light weight thnt 
n large quantity enn bo introduced into nn cxtmpicnml pocket without dnngor of peno- 
trnting tho free plcuml cavity or lung. 

It ia inaolublc in the tissues nn<l not subject to chemical change. It is nonirritating 
and causes no undesirable foreign-body reaction. It ofTcrs little resistance to x-rays nrul 
does not interfere with interpretation of chest films. 

8inco varying sired pockets were to Ikj filled through relatively small incisions, methyl 
metlinerylato in tho form of n small ball was chosen ns being most suitablo for our pur¬ 
poses. As no commercial hource was nvnilablo at that time, theso balls had to be manu¬ 
factured in our own laboratory* 

Two types wore designed for clinical use, a solid ball of % inch diameter and a 
hollow ball of ono inch diameter. Tho solid balls weigh 4J5 Gm. each. They can be 
sterilised by boiling and do not interfere with interpretation of tho chest x-rays. The hollow 
balls weigh 8 Gm. each and mnrt be storiliscd chemically. In the x-ray they appear as 
regular, circular shadows with a center of decreased density. This makes the x-ray dlffer- 

•The methyl methacrylate balls are now being manufactured by Nichols Products Com¬ 
pany. 325 West Main Street Moorestown, N. J. 
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entiation from a pulmonary cavity difficult, on plain films; however, they can he dis¬ 
tinguished easily on laminograpliie films. In spite of these relative disadvantages, the 
hollow balls have proved most applicable to clinical use due to their light weight. 

The methyl methacrylate was first made into the shape of half spheres. These were 
stored in a 1:1,000 aqueous solution of Zepliiran Chloride. Forty-eight hours prior to opera¬ 
tion the half-spheres were removed from the zephiran solution under sterile precautions, 
dried, and under bactericidal radiation sealed together, using ethylene dichloride ns the 
softening agent. This technique insured sterility of the air within the ball as well as the 
ball itself. After a few minutes during whicli the seal was allowed to dry, the balls were 
again immersed in the zephiran chloride solution to remain until used. 

The average number of balls used per person was thirty. The smallest number used 
was fifteen, and the largest number was sixty. 



A. B. 

Fig. 1.— A, X-ray of chest of patient (Case 11) showing bilateral apical cavities. B, After 

bilateral aplcolysls. 


In the selection of patients for operation no hard and fast rules have been established. 
The indications will, undoubtedly, vary with the experience gained by the clinical use of this 
material. All of the patients had been under sanatorium care and had shown some resistance 
to the disease process; therefore, recent spread did not constitute the same contraindication 
ns for thoracoplasty. All of the patients had had pneumothorax attempted, nnd all had 
been bronchoscoped to rule out stenosis of the bronchus. 

In the early phase of this clinical work the author was primarily concerned with the 
treatment of those so-called good chronic patients in whom thoracoplasty was contraindicated 
because of their low vital capacity, advanced age, or bilateral cavities, nnd with the treatment 
of those patients who had had an unsuccessful thoracoplasty. As experience has been gained 
in the use of the methyl methacrylate balls, the clinical application has been broadened 
to include borderline patients who, ordinarily, might have been considered suitable for 
thoracoplasty. 

In twelve of the fifteen patients extrapleural pneumonolysis was performed in the 
apical region through an anterior incision. Preoperatively, the patient is given 0.1 Gni. 
of sodium pentobarbital and 10 mg. of morphine. The skin is infiltrated with 2 per cent 
solution of procaine. The incision is made parallel to and overlying the second rib and 
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cartilage. Tlio Snterri*tnl nerves arc blocked with 2 i>cr cent procaine, and n 4-inch segment 
of rib und enrt lingo rejected by nn npertosteal direction. The resected rib segment is cn.ro- 
fully wived. An incision is mndc through the interior i>eriostonm, und tho extrapleural 
npnco is enro fully developed by blunt dissection. Sj»ccial instruments nro not noccssary for 
tlie successful completion of thin stage of the operation. Finger dissection first, then dissec¬ 
tion with n sinnll sponge on n clnmp ns the space is enlarged, is much safer than instru¬ 
mental dissection. Freeing of the mediastinal pleura is usunlly accomplished without dif¬ 
ficulty. Denso adhesions attached to the apex or lateral chest wall aro best completely 
isolntod and divided by sharp dissection close to their nttacluncnt to tho rib, or more safely 
by removal of the adjacent periosteum. If isolntod ndhesions aro so densely adherent to 
major vessels or nerves that they make division seem unwise, they may bo left undivided 
without necessarily interfering with the successful completion of the operation, since com¬ 
pression can lm secures! on nil sides by packing nround tho isolntod segment of tho lung. 
Local anesthesia is rarely required nfler the oxtmpleuml space is entered. The patient 
experiences little discomfort except for some mild pnroxysmnl coughing when the mediastinal 
pleura Is freed. 



A. B. 

Flp. Z — A. X-rny of chest of patient (Cam* 0). showing: thoracoplasty on rifilil side and cavity 
In the loft apex. Postoperative x-rny of the same patient. 


When the dissection lias proceeded to tho desired extent, tho spneo is filled with methyl 
methacrylate balls. The desired degree of compression can bo secured by having the patient 
oxpiro while filling tho pocket without tension. Tho balfs are hold within the extrapleural 
space by suturing tho segment of rib into its original position and approximating the 
periosteum around it. One hundred thousand units of penicillin are injeetod into tho extra¬ 
pleural space, and closure is performed. Tho pectoral muscles nro carefully reapproximated 
and sutured to tho periosteum of tho rib to prevent elevation of the incision by the fluid which 
accumulates in tho extrapleural space postoperntively. 

Eight of the patients on whom apieolysis has been performed had bilateral 
pulmonary involvement. 

Two patients (Cases 11 and 14) had cavities in both apices. Bilateral 
apieolysis and packing with methyl methacrylate balls was performed in stages, 
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two and three weeks apart. One patient has had a negative sputnm since 
operation. (Fig. 1.) 

Two patients (Cases 5 and 9) had apical cavities with a contralateral 
thoracoplasty. Both withstood apicolysis successfully. One patient complained 
of dyspnea for several weeks following operation, but this has gradually dis¬ 
appeared. His weight and general condition have improved, and his sputnm 
is now negative. Sputum in the other patient has diminished greatly but is 
still positive. (Fig. 2.) 



A. B. 

Fig. 3.— A, X-rny of chest of paUent (Case 4) showing large thln-walled cavity In the 
left apex and Infiltration in right apex. B, Postoperative x-rny showing collapse of the left 
apex with hollow methyl methacrylate balls. 

Two patients (Cases 4 and 13) had cavities in the apex of one lung with 
dense infiltration and scarring in the apex of the other lung. Apicolysis and 
packing with methyl methacrylate halls was performed on the side of the 
cavity in both patients. One patient has had a negative sputum since operation. 
(Fig. 3.) This patient had a 4 cm. thin-walled cavity which at the time of 
operation could be depressed with ease by the operator. A ball was placed in 
this depression at operation maintaining the sides of the cavity in apposition. 
The other patient has had only one positive sputum in four examinations since 
operation. 

A Sl-year-old white woman (Case 6) was admitted for extraplenrnl apicolysis because 
low vital capacity contraindicated thoracoplasty. She gave a history of pulmonary tuber¬ 
culosis of eleven years’ duration. Pneumothorax, phrenic crush, and pneumoperitoneum lmd 
been tried without success. Her vital capacity on admission was 900 c.c. Extrapleural 
apicolysis was performed without difficulty. The entire apes was stripped free from the 
chest wall and packed against the mediastinum with twenty-two hollow balls. She com¬ 
plained of some increased dyspnea immediately following operation, and quantity of sputum 
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UIIJ ‘ greatly incrcnzetl. At tlie present time Tier general condition is greatly improved. 
Tliero is little or no aputum. Tlio vital cnpncity is 750 c.c. 

A 50-year-old white nmn (Case 7) wns admitted to the huapitnl for treatment of n 
rarity in tho left lower loho m-ar the costovertebral nngle. (I^g. 4.) Ho gave n history of 
asthma of thirty vents' duration nnd pulmonnry tuberculosis of sis veers* duration. Pneo- 
mothomi, phrenic crush, nnd pneuniojH.'ritnnpuin luul Iteen trieil without successful closure 
of tho cavity. Vital cnjmeilv wns 2,550 e.e. prior to ojK'mtion. Extrapleural pneuinonolysis 
was perfonne*! through an incision overlying the ninth rib in tho posterior axillary line. 
Dissection was found to be easier in this area thnn in the apex of other patients duo to 
the presence of fnt located in tho extrapleural space. Tho pleura in tho region of the cavity 
was greatly thickened. After the cntlro lower loin' had lteen mobilized, the space wns filled 
with sixty hollow balls. Tho segment of rib wns rcsulurcd into pinco in tiro usual manner, 
nnd tho incision closed. Tho postoperative eonrao wns uneventful, llo wns discharged to 
return to tho sanatorium on tho tenth postoperative day. Tho vitnl cnpncity at thut tirno 
wns 1,975 c.c. At present the patient Itns no cough and only a small amount of early morn¬ 
ing sputum which 1ms been Intermittently positive for ncid-fnst organisms since operation. 

The average nge of the patients operated upon wns 42. The youngest 
wns 25, nnd the oldest 5!) years of nge. Tins Intter pnlieut (Cnso 15) wns 
admitted with a history of pulmonary tuboreiilfwis of two years’ duration. 
She lmd n 4 cm. cavity in the right apex which had been treated unsuccessfully 
with pneumothorax, phrenic crush, nnd pneumoperitoneum. Extrapleural 
npieolvsis with mobilization of tho entire apex nnd packing witli twenty-seven 
hollow balls wns performed on December 20, 1945. Her sputum is still posi¬ 
tive for neid-fnst organisms hut has diminished from one-half cup per day to 
little or none. 

Four of the patients on whom npieolysis nnd packing with methyl metha¬ 
crylate halls was perfonned had had a thoracoplasty on the side of operation. 
One patient (Case 1) had had a bilateral thoracoplasty, nnd three of tho 
patients (eases 2, 3, and 12) had hud nil extrafascial npieolysis performed at 
the time of thoracoplasty. Dissection in these eases wns only slightly more 
difficult than in those patients on whom no previous operation lmd been per¬ 
formed. Tn only ono ease did extrapleural dissection prove too difficult through 
an nnterior approach nnd have to he nbnndoncd. This pntient (Case 8) wns 
later denlt with through a posterior approach, combining packing with a 
mollified two-stage revision thoracoplasty. 

Patients with uncollnpsed cavities beneath n thoracoplasty constitute a 
group in which this procedure would appear to he indicated instead of a re¬ 
vision thoracoplasty. Jinny of theso patients have cavities which arc located 
in tlie costovertebral angle or anteriorly where successful closure by complete 
costcelomy is unlikely. Extrapleural npieolysis and packing offers these patients 
a single-stage operation which can he performed under local anesthesia with 
little or no shock. It permits localized compression of the involved area of the 
lung. 

During recent years more nnd more attention has been called to tlie need 
for some method to maintain a collapse of the apex between the stages of a 
thoracoplasty. The experience of many surgeons has been the occurrence of a 
negative sputum immediately after the first singe with n return to positive 
before the second stage. The extrafascial npieolysis, which is frequently per¬ 
formed with the first stage, creates a pocket similar to that developed by 



Fig. 4 A. —X-ray of the chest of patient (Case 7). 

Fig. 4 B .—Cavity la demonstrated by lamlnographlc x-rays 5 cm. from posterior chest wall 


40. 



G. 

■Postoperative x-ray showing collapse of left lower lobe by sixty hollow 

methacrylate balls. 


methyl 
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. 1 . 

Fig. CA.—X-ray of cheat of imtl«*nt {Case 10) before oiH v mtlon. 



S. C. 

Pie. 51?,—X-ray of name patient after modified first stage thoracoplasty, aplcolyaia, and 
packlnc With hollow methyl methacrylate balls. The third and fourth ribs haw been removed. 
Fig. 50.—X-ray of same patient after second stago thoracoplasty. 
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extrapleural apieolysis. This space contains air and fluid immediately after 
operation, and re-expansion occurs rapidly as the air is absorbed. The filling 
of this space with a rigid material, such as methyl methacrylate, would not 
only prevent re-expansion of the apex but would also prevent mediastinal 
shifting and lessen the danger of bronchogenic spread. 

One patient (Case 10), a 42-year-old white man, has been operated upon with these 
considerations in mind. (Fig. 5.) This patient was first admitted to the Eastern North 
Carolina Sanatorium in September, 1944, with far-advanced bilateral tuberculosis. Pneu¬ 
mothorax was instituted on the right but had to be discontinued due to adhesions and the 
formation of a pleural effusion. A right phrenic crush was performed in September, 1944, 
and in January, 1945, pneumothorax was started on the left side. At the time of admission 
to Duke Hospital in November, 1945, fluoroscopy of the chest revealed multiple cavities in 
the right apex, paralysis of the right side of the diaphragm, and a successful pneumothorax 
on the left side. On Nov. 30, 1945, a modified first-stage thoracoplasty was performed on 
the right side. The tliird and fourth ribs were removed, and an apieolysis was performed. 
The first and second ribs were left in place to protect the brachial plexus and vessels.. The 
pocket was then filled with forty-eight hollow methyl methacrylate balls holding the apex of 
the lung below the fifth rib posteriorly. Closure of the wound was performed in the usual 
manner with the balls being held in position by the scapula and the weight of the shoulder. 
He complained of moderate pain but had no difficulty in breathing or raising sputum. The 
sputum remained positive for acid-fast organisms, and on December IS a second-stage pro¬ 
cedure was performed with removal of the fifth, sixth, and seventh ribs and transverse 
processes. The balls maintaining the apical collapse were left undisturbed. His postopera¬ 
tive course was uneventful. Sputum has been negntive since the second stage. Pneumo¬ 
thorax is still being maintained on the left side. The vital capacity was reduced from 
2,300 c.c. to 1,400 c.c. 

POSTOPERATIVE COURSE AND COMPLICATIONS 

The postoperative management of the patients following packing with 
methyl methacrylate balls was relatively easy. All of the patients complained 
of a moderate amount of pain and a feeling of pressure in the operative site 
for several days. Two of the patients noticed the clicking together of the balls 
in the chest, and one complained of difficulty in swallowing. These symptoms 
completely disappeared within the first two or three weeks. 

The reduction of vital capacity varied with the extent of the pneumonol¬ 
ysis and the individual patient. The average reduction was 400 c.c. Two of 
the patients complained of marked dyspnea. One patient (Case 6), with a 
preoperative vital capacity of 900 c.c., has gradually improved and is now quite 
comfortable with a vital capacity of 750 c.c. The second patient (Case 3), 
a 47-year-old white man with a complicating asthma, died suddenly on the 
eighth postoperative day. Vital capacity before operation was 1,100 c.c. On 
the sixth postoperative day the vital capacity was 800 c.c. Autopsy revealed 
marked dilatation of the right side of the heart and diffuse scarring of both 
lungs. Death was attributed to cardiac failure as a result of diminished pul¬ 
monary circulatory bed. 

The average maximum postoperative temperature elevation was 38° C. 
usually occurring on the second or third postoperative day and returning to 
normal by the seventh postoperative day. Two patients had temperature ele¬ 
vations of 39° C., with a gradual decline to normal by the tenth postoperative 
day. Four patients had a temperature of less than 37.5° C. postoperatively. 
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One pntient (Cnso 2) developed n small superficial hematoma which was 
drained by spreading 1 lie incision nnd which healed promptly. There wore 
no infections in this scries of patients. 

All patients were operated upon in rooms equipped with bactericidal ultra¬ 
violet rndintion ,: nnd were given penicillin postoperative)}', for ten days. The 
author feels that these precautions contributed to the benign postoperative 
course of the patients nnd the absence of infections. 

Excessive accumulation of fluid around the balls postopcrntivclv was not 
a problem. In only one pntient (Case 2) was tho accumulation of fluid beneath 
the incision sufficient to warrant aspiration. This complication was avoided in 
subsequent eases by a careful approximation of tho tissue planes during closure. 

A generalized urtienriu accompanied by an incrcnso in the circulating 
eosinophiles developed in one patient (Cnso 1) on the tenth postoperative day. 
This patient had no history of allergic phenomena, and the differential blood 
count, prcopemtively, was normal. A careful investigation of this pntient re¬ 
vealed no evidence of sensitivity to the usual allergens. Symptoms rapidly sub¬ 
sided, nnd there hns been no recurrence. This reaction led us to make daily 
differential white blood counts, postopemtivcly, on all patients in which methyl 
methacrylate was used. Four other patients were noted lo develop an eosino- 
philin of G lo 10 per cent between the seventh nnd tenth )>ostopcrntivo days. 
Examination of the fibrinous clot around tho plastic balls removed at autopsy 
on Case 3 also revealed a preponderance of eosinophiles. This pntient had a 
history of asthma prior to operation but showod no postoperative cosinophilin. 

The mechanism of this response is being studied. Attention is railed to the 
experimental studies of Spcnlmnn, Main, Hang, nnd Larson, in which mild 
sensitivity was noted in 20 per cent of subjects following local application of 
monomeric methyl methacrylate. No sensitivity was noted when the polymeric 
form was used locally or when implanted into the nnimnls. 

SUMMARY ANn RESULTS 

This paper is a preliminary report on tho first fifteen patients in which 
an nciylic resin, methyl methacrylate, hns boon utilized to maintain a collapse 
of the lung for tho treatment of pulmonnry tuberculosis. 

All of tho patients wore operated upon lictwecn July and December, 1945. 
All may bo classified in the group of so-called good chronic patients, who have 
had an unsuccessful thoracoplasty, or who, bemuse of tlioir low vital rapacity, 
advanced ago, bilateral disease, nnd other complications, wore unsuitable for 
thoracoplasty. 

Thirteen of the patients have been improvod by tho operation; one has 
shown no improvement; and ono is dead. Of the thirteen that have been im¬ 
proved, six have had negative sputum sinco operation. • 

The postoperative management of these pationts was relatively easy. There 
were no infections. One patient developed a generalized urticaria on tho tenth 
postoperative day, and four othor patients were noted to havo an increase in 
the circulating eosinophiles between tho seventh nnd tenth postoperative days. 
One patient died on the eighth postoperative day with cardiac failure due to 
diminished pulmonnry circulatory bed. 
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The author recognizes the fact that too few cases have been completed and 
that too short a period of time has elapsed since operation to evaluate the re¬ 
sults of this form of collapse therapy; however, he feels that the experimental 
and clinical results so far warrant the continued use of this material. It 
adds to the surgeon's armamentarium a single-stage operation which can be 
used successfully in the treatment of patients not suitable for either thora¬ 
coplasty or resection. An evaluation of this operation will depend upon ex¬ 
perience gained through its continued use. 
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EPIDURAL ANESTHESIA IN THORACIC SURGERY 

A PRELIMINARY RKTOltT 

Y. F. Fujikawa, M.D., AIt. Yfjinu.y, Mo., A. Neves, AI. J) ., Rio de Janeiro, 
Brazil C. A. Brashes, M.l).. Mt. Vernon. Mo., act W. W. 

Buckixuiiam, M.D., Kansas City, JIo. 

1 I 'I10RAC1C physicians ami surgeons in this country have taken advantage 
of 1 'ccent advances in nnatomic and physiologic knowledge pertaining to tho 
lung and chest. However, they have tailed to match this technical improvement 
with n corresponding advance in thoracic nnesthesin. We are presenting, for 
the first time in this country, a report on a series of 100 eases of thoracic 
operations performed between October, 1945, and September, 194G, with epi¬ 
dural anesthesia. This anesthetic is being presented for consideration as an 
anesthesia which gives the operator a wide-awake and cooperative patient who 
is able to follow the surgeon's instructions during the operation. For example, 
lie is a patient who can cough and raise sputum ns indicated, thus reducing the 
incidence of postoperative spread of the disease process or of ntclectnsis. 
Further advantages of this t,v]Hi of spinal anesthesia arc brought out in this 
paper. 

The anesthesia is accomplished by injecting the anesthetic agent into the 
epidural space which lies between the dura mater of the spinal cord and the 
bony and fibrocartilaginous boundary of the vertebral canal. 

The higher epidural, as distinguished from the caudal, which is a low 
form of opiduml anesthesia, was first successfully used by Fidel Pages' of 
Spain in 1920, when he reported its use in forty-three cases of abdominal 
surgery. After his premature death, unfortunately, the subject was lost in 
obscurity until the reports by Dogliotti 3 of Italy and Gutierrez 3 of Argentina 
in 1932. Since that time, epidural anesthesia has been widely used in Europe 
and South America. 

Very little mention of epidural anesthesia in thoracic surgery may be 
found in the English literature until 1941, when Rees and Alinjir.n' stnted 
it could not he used successfully in first stage thoracoplasties, but could be used 
in subsequent stages. In 1944, Vnsconcelos 3 of Brazil, in reporting on esophag¬ 
ectomy for carcinoma of the esophngus, stated he has used epidural anesthesias 
for thoracoplnsties, pneumonectomies, and lobectomies as well ns for five total 
esophagectomies, and is convinced that it is the anesthetic of choice. In the 
section of Anesthesiology of the Proceedings of the. Royal Society of Medicine 
for 1945, mention is made of Dawkins* of England now using epidural anes¬ 
thesia for all his thoracic surgical eases. 

ANATOMY AND PIIYsrOEOClY 

In ordor that the technique of administering and effecting this anesthesia 
he clearly understood, let us briefly consider the anatomy of the areas concerned. 

Kocelvptl for publication Dec. 30, 101C. 

Prom tho Surreal Department of tho Mltuouri State Sanatorium, Mt Vernon, Mo. 
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In the vertebral canal, we have from within outward (Fig. 1): 

A. The spinal cord with its anterior and posterior roots 

B. The pia mater, closely investing the spinal cord 

C. The subarachnoid space, where the usual spinal anesthesia is given 

D. The medullary layer of the dura mater, which lies adjacent to the 
arachnoid. A potential space exists between these two membranes, 
which is the subdural “space.” 

E. The epidural space lying between the dura mater and the membrane 
lining the vertebral canaL 



Kir. 1.—Illustrating the continuity of the epidural space with the paravertebral structures. 


It is important to note that this epidural space is closed above at the 
foramen magnum by the fusion of the lining of the vertebral canal and the 
dura mater, that it extends the full length of the vertebral canal, and that it 
is closed at the sacrococcygeal juncture (Figs. 2 and 3). Laterally, this space 
communicates with the paravertebral tissue wherein lie the roots of the spinal 
nerves and the sympathetic ganglia with their gray and white rami communic- 
antes. These ganglia extend from the first thoracic to the second lumbar 
segments. 

The epidural space contains loose adipose and areolar tissue, venous and 
arterial plexus, and lymphatic vessels. 

In 1927, Heldt and Moloney 7 found that a negative pressure of from 
minus one to minus 18 mm. of mercury exists in the epidural space. Bonniot, 8 
in 1934, found that this negative pressure could be greatly increased by 
kvphosing the patient and flexing his neck. Gutierrez,® in 1932, first utilized 
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Hi'* negative pressure in locating the epidural space liy placing a drop of fluid 
in the huh of 1 lie needle, and slowly advancing the needle until the drop was 
sucked in. This is called Gutierrez’ "drop sign.” 

The anesthesia is predominantly sensory. Thus, we have no impairment 
of tho intercostal muscles, diaphragm, nor the accessory muscles of respiration. 
Dogliotti 1 has shown that little if any penetration of fluids and dyes takes 
place through the dura. The anesthetic in the epidural space thus cannot 
reach the subarachnoid space, nor can it reach the vital centers in the medulla. 



Pie. 2.—Schematic drawing Miutrattnc tho llmlta of tho epidural apace. 

as it trill ho remembored the space is closed at the foramen magnum. The 
anesthetic solution can escapo tho vortobral canal only through the interver¬ 
tebral foramina, where it hathes the spinal norves and tho sympathetic chain 
in the paravertebral tissuo. The anesthesia is induced in the region of and 
lateral to tho intervertebral foramina, ivlioro tho medullary layer of tho dura 
fuses with tho porincurium of the spinal non es. Dawkins* explains the sonsory 
selectivity of tho anesthesia as duo to the relative largo sizes of the motor 
nerves (2 to 20 micra) as contrasted to the smaller sizes of tho sensory and 
sympathetic fibers (one-half to 2 micra); the anesthetic agent penetrating the 
smaller nerve fibrils with greater ease. This barrier to the anesthetic may be 
due to the medullary sheaths surrounding the larger nerves (Eanson 10 ). Galley 0 
thought it highly suggestive that the facility with which the neurones were 
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paralyzed corresponded closely with the size of the fibers, which in turn was 
largely determined by the degree of medullation. He further states that all 
the pain fibers are small and nonmedullated and are the most easily blocked, 
whereas the motor fibers have thick medullary sheaths and are least affected. 



Fig'. 3.—Posterior view of epidural space with lamina removed. 


TECHNIQUE OF ADMINISTRATION 

No special equipment is necessary for performing an epidural anesthesia. 
Special needles have been designed by Gutierrez, and various indicators for 
demonstrating the negative pressure in the epidural space have been recom¬ 
mended 11 ’ 12 but we believe they are not necessaiy. The epidural tray consists 
of the following materials (Fig. 4) : 

One 10 c.c. syringe 

Two 2 oz. medicine glasses or beakers, one containing physiological saline 
and the other for mixing the anesthetic 
Twenty-five g. short hypodermic needle 
Sharp 18 g. needle or a pointed B-P knife blade 
Eighteen to 20 g. regular short bevel spinal needle 
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Ampules of novoeninc and pontocainc 

Adrenalin nmpule 

File. 


AVe have used various eoiieentrations of proonine (from one to 2 per cent), 
proonine-poutocninc mixtures, all with and without adrenalin. AA T e also used 
114 per cent Afetycainc on one occasion. For operations lasting up to 1 % 
hours, we now use the following mixture: SACK) mg. procaine crystals, 20 mg. 
pontocainc ampule, 0.5 e.e. 1:1,000 adrenalin, in 40 c.c. physiological saline. 
If an operative procedure is expected to Inst over two hours, we use 600 mg. 
procaine and 40 mg. pontocainc with 0.5 c.c. adrenalin in 40 c.c. saline. AA T ith 
these amounts, we have found the anesthesia to extend over eight to ten spinnl 
segments. 



Flu. 4.—Epidural tray. Tlio mojlclna sinks on the loft contnlno 1 per cent procnlne for 
Inflltratlnp the skin. ACronnlin 1« not shown on the Imy, ns in our cllnlo the nurso Instills tho 
ndrcnnlln Into the nnosthctlc solution. 

To allay fear and apprehension, all patients receive a barbiturate (sodium 
'Amytal gr.iii) the night before operation. They are given l 1 /. to 4% grains 
of Nembutal one and one-half hours before and morphine sulfntc gr. % to % with 
%oo alropino sulfntc forty-five minutes before surgery. The anesthetic solu¬ 
tion is prepared after the pntiont arrives in tho operating room. 

The site of tho puncture is chosen in an interspace in an area between 
the seventh cervical and the third thoracic spines. As gravitation aids in the 
downwnrd diffusion of the solution, we prefer to administer the anesthetic 
with tho patient sitting with his bnek bowed and head flexed. The assistant 
supports the pntiont securely in this position (Figs. 5 and 6). 

After the anesthetic has been prepared and tho sito of puncture painted 
with antiseptic solution, a wheal is made exactly in the midline in the de¬ 
pression between the spinous processes. A small nick is made with the larger 
needle or knife blade in order that the short-bevelled spinal needle may be 
more easily introduced. Tho spinal needle, with the stylet in situ, is then 
introduced in tho midline, paralleling the Bpinons processes of the interspace 
selected. One will qnickly learn to recognize the various structures the needle 
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penetrates by the differences in resistance. There is moderate resistance in 
penetrating the supraspinous ligament, slight in the interspinous -ligament, and 
a rather marked resistance when the point of the needle meets the tough liga- 
mentum flavum. At this point the stylet is removed and a drop of saline is 
placed in the hub of the needle. The needle is then very slowly advanced. 
When the ligamentum flavum is penetrated, a sudden “give” is experienced 
and at the same time the drop of saline will be sucked inward. Not infre¬ 
quently a definite hissing sound is heard as the air is sucked into the epidural 
space. 



Pig. 5.—Showing how the assistant supports the patient. 


With the’ syringe we then attempt to aspirate any spinal fluid or blood. A 
few cubic centimeters of air may be injected very easily as a further test, 
if one is within the space. If these various maneuvers satisfy us that we are 
within the epidural space, 10 c.c. of the solution is then injected, taking from 
ten to fifteen seconds. At this time, we give the patient % to % grain ephedrine 
sulfate or an equivalent of Methedrine by hypodermic. This is done at this 
time rather than earlier in order to avoid giving the ephedrine or Methedrine 
to one in which epidural anesthetic might be abandoned. 

Earlier in our series, we waited three to five minutes, then tested the pa¬ 
tient to see that a subarachnoid injection had not been made; a waiting period 
recommended by most of the various authors. Later, if we were confident of the 
position of the needle, this waiting period was eliminated. The remainder of 
the anesthetic was given at the same rate of ten to fifteen seconds for each 10 c.c. 

After the administration, the patient was placed on the table with his 
operative side down for ten minutes in order to take further advantage of the 
dependent gravitation of the fluid. 

Earlier in our series, if spinal fluid or blood were aspirated, the anesthetic 
was abandoned. Later another and even a third attempt in the adjacent inter¬ 
spaces either above or below was made in such instances. 
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OBSERVATIONS 

The lime consumed in the administration of the anesthetic varied from 
two to twelve minutes, averaging tlirce and onc-lmlf minutes. The avornge timo 
between the completion of the anesthetic and the beginning of the operative 
procedure was twenty-seven minutes; ten minutes of this time being consumed 
hv the patient lying on his operative side, and the remainder in preparing the 
field and draping. 



Fig. G,—DoinonutmtlnK tlie nnplo nl which the nocdlo la Introduce 

Wo have used epidural anesthesia in 100 thoracic operations on sixty-six 
patients (Table ]), The youngest wns a IG-vcar-old girl who underwent a 
thoracoplasty and the oldest a G5-vcar-old man who underwent a pneumonec¬ 
tomy for bronchogenic carcinoma. Their diagnoses and operative procedures 
arc tabulated in Tables II and III. In addition, there wore fivo other patients 
in whom the anesthetic wns abandoned. In three of these cases spinal fluid 
wns obtained nnd blood was aspirated in the other two. 

The drop sign wns used as a guide in locating tho epidural space. In the 
first fifty enses, it wns present in forty-six (92 per cent). In the second fifty 
cases, it wns present in 100 per cent. Ruiz, 11 working in Qntiorrez’ clinic, 
reported a positive drop sign on 84 per cent of 415 gynecologic cases, where the 
injoction was performed in tho second lumbar interspace. We believe that when 
tlie tcclmiquc is carried out correctly in the high dorsal region, the drop sign 
should ho present in all cases. 

The anesthesia has boen classified under four categories: (1) oxcellont, 
absolutely no discomfort; (2) good, slight discomfort, not enough to warrant 
supplementary anesthesia; (3) fair, when supplementary anesthesia wns used 
during part of tho operation; (4) poor, when some other anesthetic was neces¬ 
sary throughout tho operation. These results together with their relationship 
to tho presence or nbsoneo of tho drop sign are tabulated in Table IV. It will 
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Table I. 100 Epidural Anesthetics, GO Patients 


I AGE GROUPS 

SEX | 

16-20 | 

20-40 

| 40-60 | 

60-65 

| TOTAL 

Male 

0 

13 

13 

4 

30 

Female 

5 

27 

4. 

0 

36 


Table 

H. Diagnoses 



DIAGNOSIS 




| NO. PATIENTS 


Pulmonary tuberculosis 39 

Tuberculous broneliiectasis 3 

Tuberculous bronchitis with stricture 4 

Tuberculous empyema 4 

Bronchiectasis (nontuberculous) 0 

Lung abscess 4 

Bronchogenic carcinoma 4 

Exploratory, possible lung tumor 2 

Total 66 


Table in. Operations 


OPERATIONS | 

NO. 

Thoracoplasties (including 7 seapnlectomies and 2 apicolyses) 

First Stage 

32 

Second Stage 

25 

Third Stage 

18 

Pulmonary Resections 

Lobectomy 

6 

Pneumonectomy 

9 

Exploratory thoracotomy 

4 

Rib resection and drainage 

4 

. Secondary closure of bronchus 

2 


Total 100 


Table IV 


A—DROP SIGN 


GROUP 

1 

PRESENT 

1 

ABSENT 

First 50 patients 

46 (92%) 


4 (S%) 

Second 50 patients 

50 (100%) 


0 

Total 


96 


4 

B — ANALYSIS OF ANESTHETIC AND RELATION TO DROP SIGN 

GROUP 

| EXCELLENT 

GOOD 

I FAIR 

POOR 

First 50 

31—all Drop Sign 

13—12 Drop Sign 

4—2 Drop Sign 

2—1 Drop Sign 

Second 50 

45—all Drop Sign 

3—all Drop Sign 

1— 

1— 

Total 

76—all Drop Sign 

16—15 Drop Sign 

5—3 Drop Sign 

3—2 Drop Sign 


100 cases—Drop Sign present in 96 (96%) 


Table V. Analysis of Fair and Poor Cases 


a. fair cases (5) 

1. Metycaine used. No drop sign. 50 to 60 per cent nitrons oxide analgesia throughout 

2. Turned 10 minutes on opposite side. Drop sign present. Ten cubic centimeters % per cent 
nrocnine used in making incision. 

3. Drop sign absent. 90 per cent nitrous oxide given twenty minutes at beginning 

4. Drop sign present. 90 per cent nitrous oxide given fifteen minutes to allay nervousness 

5. No pontocaine used. S5 per cent nitrous oxide analgesia twenty-two minutes during re¬ 
moval of ribs. 

b. poor cases (3) 

l7~No drop sign 

2. Drop sign present. By error, 30 c.c. saline given, followed by 45 c.c. anesthetic 

3. After injection of one-half of solution, patient complained of dyspnea with wheezing, 

which disappeared in a few minutes. Anesthetic abandoned._ 
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be noted thnt 11101*0 wore five oases in wliioli tbe anesthetic was considered fair; 
four of tlicso occurred in our first group of fifty. There were three cases in 
which the nnestiictie was considered poor; two of these occurred in our first 
group of fifty. Analysis of the poor and fair cases is listed in Table V. This 
Inst pntiont who complained of dyspnea and wheezing was later found to be 
quite allergic to pontoeainc by skin testing. 

One patient complained of nausea during surgery, hut there were no 
eases of vomiting on the operating table. In one patient, a G‘2-ycar-old male 
who was considered n desperate risk and who underwent an exploratory tlior- 
neolomv, the blood pressure dropped to zero and pulso and respirations censed. 
Ife responded to stimulants, oxygen inhalation, and artificial respiration within 
a few minutes and the operative procedure was continued. Frequently, patients 
complain of dizziness during the administration of the anesthetic, especially if 
the anesthetic is injected too rapidly. This is probably caused by transmission 
of tho increased pressure in tlie epidural space through the dura and nraelmoid 
to the cerebrospinal fluid. The dizziness quickly passes on after completion 
of the procedure. 

During the operative procedure, other than fur the psychic aspect, the 
patients were quite comfortable and able to eonverso with the operator. They 
were encouraged to cough and expectorate when necessary. Wc arc quite 
convinced that the preservation of the cough reties alone constitutes one of the 
greatest advantages of epidural anesthesia, as the incidences of postoperative 
spreads, atelectasis, and aspiration pneumonins are reduced to n minimum. 

Paralysis of the thoracolumbar outflow of tho sympathetic^ also constitutes 
a great advantage of epidural anesthesia. As a result of this, the body remains 
wurm and dry with a minimum of fittid loss, thus preserving tho normal electro¬ 
lyte balance of tho body. Peripheral vasodilatation occurs, but this is partly 
neutralized by tbe administration of ephedrine. It is interesting to note that 
although a gradual drop in blood pressure occurs during operation, tho increnso 
in pulse rate is very slight. An nvcmgc drop in blood pressure of 32 mm. 
systolic and 20 mm. diastolic, with an average increase in pulse rate of 9.6 
l>er minute was noted in the 100 eases. In twenty-eight cases, a gradual rise 
of tlie blood pressure, reaching a peak in al>out twenty minutes after com¬ 
pletion of tile injection, followed by a gradual drop was noted. None of our 
patients received a transfusion or an infusion in the operating room. 

"Wc have also noted a definite decrease in capillary bleeding as contrasted 
to general anesthesia with gas. 

Postoperativoly, it is gratifying to the surgeon to see a patient who lias 
just undergone a major thoracic operation having littlo if any discomfort and 
able to help himself off the operating table. Tbe analgesia following the anes¬ 
thetic was noted to vary from two to twelve hours, averaging between, five and 
six hours. Dicta can he increased much more rapidly than until any other 
anesthetic. Two of these patients who underwent a thoracoplasty the day 
before Thanksgiving ate and enjoyed their turkey dinner the following day. 

In eighty-ono of the 100 patients the blood pressures were stabilized within 
onc-lmlf to two hours after operation. The remaining nineteen had various 
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degrees of shock; that is, their blood pressures were unstable for periods up to 
seventy-two hours. Five of these patients died, and their causes of death are"' 
tabulated along with their operative risk in Table VI, It will be noted that 
the anesthetic was not responsible for any of these deaths. 

Table VI. Analysis of Deaths 


NO. 

SEX 

AGE 

| OPERATION 

RISK 

j COMMENTS 

1 

M 

57 

Exploratory 

Thoracotomy 

IV 

Died second postoperative day; 
autopsy, extensive carcinoma of 
left lnng, pleura, kidneys. 


F 

2a 

Thoraco I 

IV 

Died fifth postoperative day; 
myocardial failure and pulmon- 
arv insufficiency; (V.C. 650 e.e.) 

o 

F 

43 

Thoraco HI 

m 

Died thirty-second postoperative 
dav; nremia. 

4 

F 

50 

Thoraco II 

IV 

Died second postoperative day; 
autopsy, hemorrhage from snh- 
scapular space filled pleural 
cavitv through pleural tear 

5 

M 

62 

Pneumonectomy 

III 

Died G hr. postopera tire; autopsy, 
massive intrathoracie hemor¬ 
rhage. 


Vomiting was noted in thirty-three patients postoperatively. Eleven of 
these ceased vomiting after changing from morphine to some other drug, and 
in one it was due to sulfamerazine. These figures also include those patients 
who gagged and vomited after violent coughing spells. 

Two patients had a mild degree of abdominal distention and in one it was 
moderate. 

Twenty patients required twenty-seven catheterizations, averaging 1.3 times 
per patient, all within the first twelve hours after operation. 

One patient had a moderate headache and another had a severe headache 
lasting three days. This latter patient experienced a similar headache following 
a previous nitrons oxide anesthesia, and a slight headache following a subse¬ 
quent epidural anesthesia. 

Of the sixty-five patients, nineteen had previous or subsequent surgery 
under nitrous oxide anesthesia. On questioning these nineteen patients, four¬ 
teen, or 74 per eent, preferred the epidural anesthetic, four preferred gas, and 
one was noncommital. 

COMPLICATIONS 

Infection of the anesthetic agent into the subarachnoid space is the most 
serious error that can occur because of the high dosages used in epidurals as 
contrasted to the subarachnoid spinal anesthesias. This error ean he avoided 
by careful observance of the technique. Fortunately, we have not had any 
cases in which this aceident has occurred. Too rapid absorption of the anes¬ 
thetic from the epidural space may cause vary bur degrees of toxic reactions. 
This, however, may be prevented to a large degree by the addition of adrenalin 
to the solution and the administration of ephedrine. 
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CONCI.USION 

In surgery of the lung, pleural cavity, or the chest wall, the ideal aucs- 
llicsin should aim at fulfilling: certain criterin, namely: 

1. It should lie relatively easy to administer with a minimum of discomfort 
to the patient 

2. Should lie relatively nontoxic 

3. Should provide for maximum oxygenation of the cardiorespiratory 
system that may lie further enilmrnissod by operative manipulations 

4. Should not contribute to shock 

h. Should permit various degrees of positive pressure to a collapsed lung 

(I. Should lie uninflammable if the use of the cautery is anticipated 

7. Should permit evacuation of the bronchopulmonary secretions, pref- 
oiiibly by preserving the cough reflex 

8. Should assure minimum discomfort during the immediate postoperative 
course and should not alter nor delay the physiological process of healing. 

There are many distinct advantages of epidural anesthesia in thoracic 
surgery when compared with the other forms of anesthesia now in use. It 
is superior to general gas anesthesia as it is much less toxic, having little 
effect on the heart, lungs, or kidneys; docs not inhibit the cough reflex, and 
provides maximum oxygenation of the respiratory system with minimum de¬ 
viation from the norma! physiology during surgery. It can lie given to those 
extremely poor risk patients who cannot tolerate another form of general anes¬ 
thesia. 

It is superior to local anesthesia, as a singlo puncture suffices, tJins saving 
both time and discomfort. The patients are more comfortable and there is no 
distortion of the tissues nor delay in healing. It can lie used in an infected 
field ns empyema, lung abscess, or in eases with infected skin or subscnpulnr 
space following a previous thoracoplasty. 

In 1942, Sehnffner and Found 1 ' reported the uso of a high subarachnoid 
spinal anesthesia in 335 cases of thoracoplasty. There wore no serious compli¬ 
cations, although a high subarachnoid block sufficient for a first stage thora¬ 
coplasty requires anesthetizing the sixtli cervical nerve. The margin of safoty 
between accomplishing this and affecting the medulla is quite small. No such 
mnrgin exists in epidural anesthesia in which the anesthetic ngont, as we have 
emphasized, cannot reach tho medulla. Furthermore, tlio potential dnngor of 
infecting Ihc meninges is not present with an epidural anesthesia. 

Compared with the threo types of anesthesia mentioned above, the post¬ 
operative eoureo with those eases in which epidural anesthesias have been 
used are in general much smoother and the patients aro more comfortnblc. 

There are, however, some disadvantages in its uso. It requires a somowhat 
difficult technique. However, this is easily overcome by ono experienced in 
performing spinal punctures. Three of us administered tho epidurals, one 
of ns in only throe cases, all three of which hnd excellent anesthesias. Slightly 
more time is necessary; at loast thirty minutes being required after the ad¬ 
ministration of tho anesthetic until the operation can bo started. Although 
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some patients are psychologically unsuited for this type of anesthesia, this 
factor is of minor importance as the epidural can he supplemented by other 
forms of anesthesia. 

The only contraindications to its use, we believe, are mechanical obstacles 
to its administration and hypersensitivity to the anesthetic agents used in 
epidurals. Calcification of the interspinous or yellow ligaments, obliteration 
of the epidural space, or infection in the region of the space may he obstacles 
to its use. With a positive allergic history, skin testing with the agents to be 
used is recommended. 

After an analysis and comparison of the various forms of anesthesias, we 
are of the opinion that. epidural anesthesia most closely approaches the ideal 
anesthesia for chest surgery. 


SUMMARY 

1. A brief history, physiology, and technique of administration of epidural 
anesthesia are discussed. 

2. A series of 100 thoracic operations performed on sixty-six patients at 
the hlissouri State Sanatorium is presented. 

3. The results of these anesthesias are analyzed. 

4. Comparison is made of the various types of anesthesias now’ being 
used in thoracic operations with epidural anesthesia. 

5. Advantages and disadvantages of epidural anesthesia are presented. 
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ADDENDUM 

Since this paper was submitted for publication, epidural anesthesia has been ad¬ 
ministered in 203 additional cases with results paralleling those given in this paper. 
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SUKCilCAL MANAGEMENT UK CARCINOMA OF THE LOWER 
TWO-TIIIRDS OF T1IE ESOPHAGUS AND CARDIAC END 
OF THE STOMACH 

John W. Striedfji, M.D. 

Boston, Mass. 

N OTABLE achievements have burn made in the surgical treatment of 
various lesions of the esophagus during the past eight years. This is 
particularly true of curcinomu of the esophagus when it occurs at or below 
the level of the top of the arch of the aorta. 

When one considers that up to 1943 the only five-veur cure of carcinoma 
of tho esophagus was achieved by Torek 1 as a result of his successful operation 
in 1913, it is understandable that in 1940 Gurloek* could write, “Heretofore, 
tho diagnosis of carcinoma of the esophagus was tantamount to signing the 
patient’s death warrant, and the physician advised palliative measures con¬ 
sisting of gastrostomy, radiation, or both." Because of tho pioneer work of 
Adams and Phemister, 3 Oarlock, 1 Churchill and .Sweet* and others, such a 
situation no longer exists. Now the operative mortality for resections of car¬ 
cinoma of this portion of tho esophagus is not prohibitive, and it is being stead¬ 
ily lowered. Tho aggregate of figures published even recently cannot roflect 
tho true picture, which is a fluid one and is constantly improving, so that recent 
operations resulting in proboblo cures will not be apparent ns end results for 
some years. Moreover, ns physicians bccomo increasingly aware of the avail¬ 
ability of surgical cure or palliution, moro cases with earlier diagnosis will be 
sont to the thoracic surgeon for treatment, with n connccpicnt improvement of 
end .results. 

In my opinion, the technical maneuvers that have given impetus to tho 
increasingly satisfactory surgical treatment of cancer of tho esophagus at or 
below the arch of tho aorta, are the demonstration of the remarkable adapta¬ 
bility of the stomach to tho thoracic cavity after ndequnto mobilization, and 

From the Thoracic Surgical Service* of the Boston City and Massachusetts Memorial 
Hospital*. 
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Garloek’s 3 suggestion that the proximal segment of the esophagus be brought 
over and anterior to the arch of the aorta. By these means, esophagogastric 
continuity has been rendered feasible in a much larger group of higher lesions, 
and the known disadvantages of the Torek procedure have been obviated. 

Churchill and Sweet 4 have suggested that the esophagus be considered in 
fourths, rather than the usual upper, middle, and lower thirds, and this serves 
a useful purpose in evaluating the problem of esophageal cancer from the 
anatomical aspect. As a matter of immediate practical significance, the loca¬ 
tion of all esophageal cancers at or below the arch of the aorta is important 
only as regards the necessity for completing the esophagogastric anastomosis 
either below the arch, leaving the proximal esophagus in situ, or above the 
arch, by bringing the proximal esophagus anterior to the arch. Frequently 
tumors located in the lower portion of the “midthoracic” esophagus may be 
resected with a safe margin, and esophagogastric anastomosis may he perfoimed 
below the arch. The postoperative course is no different from tumors of the 
lower one-fourth similarly treated. It is on this vital point, in my own ex¬ 
perience, that the survival rate hinges. Thus the operative mortality is from 
three to five times greater if the proximal esophagus is brought over the arch 
than if the same segment can he left safely in situ for anastomosis. It is sug¬ 
gested that future communications include this classification in reporting results. 

The purpose of this paper is to report the author’s experience with seventy- 
one patients with carcinoma of the esophagus and cardiac end of the stomach 
who were operated upon and of whom forty-six patients had forty-seven car¬ 
cinomas which proved to be resectable, one patient being operated upon twice 
(case report). No claim for originality is made in any of the procedures 
described. The published works of the select group of pioneers in the subject 
have been drawn upon freely. 

Although the operative results of the entire series is reported, it seemed 
desirable for purposes of contrast to break the' series down into two groups, 
those prior to 1945 and those from 1945 to May 1, 1947. By way of partial 
extenuation of the early poor results, it may he said that many factors in the 
postoperative care during the war years were incredibly bad and during 1944 
the problem was largely abandoned. 

SELECTION OF CASES 

Ago. —The youngest patient who had successful resection was 52 years old; 
the oldest was S4 (Fig. 16). In no instance was a patient denied operation 
solely on the basis of age. It was our feeling that the general condition of 
the patient, and, in particular, that of the cardiovascular apparatus was of 
more importance than the chronological age. In one instance, a 72-year-old 
patient was operated upon while fibrillating. Fibrillation persisted during the 
entire operative and postoperative periods and the patient left the hospital in 
good condition. 

Lymph Nodes .—As has been pointed out, 4 the involvement of cervical 
lymph nodes is relatively infrequent except in lesions high in the esophagus. 
In lesions below the arch, the lymphatic drainage tends to the periesophageal 
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nodes, tho subphrcnic nodes, nnd the nodes in tijo region of tiic cocliao axis and 
left gastric arteries. 

Mctasluscs .—Metastatic lesions in the lungs should he carefully searched 
for by roentgenologic examination of the chest. In low esophageal cancers 
and cancers of the cardiac end of the stomach, rectal examination may reveal 
motastatic deposits in the jielvis. Involvement of the liver in esophageal lesions 
is a relatively late manifestation. When we have encountered it in high gastric 
lesions with involvement of tho esophagus, wo have proceeded to resection not 
withstanding, for reasons of palliation. The tendency for the primary esopha¬ 
geal lesion to spread in the wall of the esophagus is well recognized, so that a 
relatively wide excision of the tumor should be made when possible. 

Esopliayoscopy .—Wo have operated upon only one patient with cancer 
of the esophugus without a positive tissue biopsy obtained at the time of 
esophagoscopy. When the esophagus is involved by high gastric eaucor, it is 
frequently possible to make the diagnosis by biopsy through the esophugoscope. 
However, in this latter group, if a positive tissue diagnosis cannot be made, 
exploration is undertaken on the basis of roentgenologic findings or ou suspicion 
alone. 

Bronchoscopy .—At tho tune of esophagoscopy. a routine bronchoscopy is 
also performed. On at least four occasions, we have found tho tumor invading 
the left stem brouchus or the trachea, which has obviated the necessity for 
exploration. 

Rocniganoloyical Elimination .—Even when the esophageal cunccr ap¬ 
peared extensive by this method of examination, in most instances we have 
chosen to explore tho patient in order to givo him tho benefit of the doubt, 
although frequently wo hovo only confirmed tho x-ray findings. 

rnEOFERATIVK PREI'ARATION 

• Every' effort is made to improve tho patient’s general condition, and to 
bring him to oporation undor optimal circumstances for his ease. The oral 
hygiene is investigated by the dental consultant and careful prophylaxis and 
scaling is done. If any of tho teoth are so badly involved as to preclude safo 
anesthesia, thoy are extracted. The blood picture is evaluated, and transfusions 
are given as necessary. Adequate parenteral fluids with amiuo acids arc given 
in order to bring the blood protein up to a safo level. By the careful parenteral 
administration of fluids nnd electrolytes ns well as the protein components, 
patients can actually be made to gain woight. Forty-eight hours bofore opera¬ 
tion tho administration of penicillin pnrenternlly hi doses of 50,000 units overy 
three hours is begun. If there is complete or almost complete obstruction of 
the esophagus, lavage of the esophagus with half-strength Dakin’s solution is 
undertaken twico a day beginning three or four days before the proposed time 
of operation. In a few instances, we have performed preliminary jejunostomy 
in order to improve tho patient’s nutrition preoperatively. Immediately before 
operation a continuous intravenous infusion is started, and in most of the 
eases the patients received blood continuously during the operation by one or 
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more veins, as seemed indicated. Patients frequently receive from 1,000 to 
2,500 c.e. of blood during the course of the operation. 

ANESTHESLV 

Anesthesia is induced with intravenous Pentothal and nitrous oxide and 
oxygen. Curare is given to facilitate the introduction of the intratracheal tube. 
The patient is then carried on intravenous pentothal with supplementary nitrous 
oxide and oxygen until the pleural cavity is opened, when the change is made 
to ether vapor and oxygen, on which he is maintained for the remainder of the 
operation. The use of the nonexplosive anesthetic in the early part of the 
operation permits the use of the endothermic coagulating current to secure 
hemostasis of the skin, subcutaneous tissues, and extracostal muscles. During 
the course of the operation, the lung is expanded at fifteen to twenty-minute 
intervals in order to facilitate re-expansion at the end of the operation. 

OPERATIVE TECHNIQUE 

A. Carcinoma of the cardiac end of the stomach and carcinoma of the 
esophagus so situated that esophagogastric anastomosis may be made below the 
arch. —The patient is placed in the right lateral decubitus position. A curving 
incision is made over the left ninth rib from the costochondral junction to within 
a centimeter or two of the spinous processes. If the carcinoma is situated-in 
the esophagus and somewhat above the arbitrary division of the lower fourth, 
it may be better to select the eighth rib. In either case, the rib just above and 
below the rib selected for resection is divided by resecting subperiosteally a one- 
centimeter length just lateral to its respective transverse process. The inter¬ 
costal nerve of the rib selected for resection is injected with one per cent Nuper- 
caine in oil, as are two or three intercostal nerves above and below this rib. The 
rib selected is resected from the transverse process forward to within a centi¬ 
meter or two of the costochondral junction. The pleural cavity is entered 
through the periosteal bed of this rib. Pads moistened with warn saline are 
placed over the wound edges and the Finoehietto rib spreader is placed. Excel¬ 
lent exposure is thus obtained (Fig. 1). In none of our cases have we found 
it necessary to extend the incision aci-oss the chondral arch, so as to make a 
combined thoracoabdominal approach. The pulmonary ligament is now divided 
up to the inferior pulmonary vein and any bleeding vessels are secured. If 
the tumor is in the esophagus proper, the mediastinal pleura is incised, and, if 
possible, the esophagus is freed just above the hiatus and a tape passed around 
it. Before opening the diaphragm, operability of the tumor in the esophagus 
is determined, and by careful sharp and blunt dissection, the tumor is freed 
from the surrounding structures and dissection is carried upward around the 
esophagus for a suitable distance so that anastomosis may be made. There is 
relatively little blood supply to this segment of the esophagus, so that very few 
branches of the aorta are encountered, but when they are encountered they 
must be divided and ligated. No attempt is made to preserve the vagus nerves, 
which are sacrificed as necessary. If the tumor is operable, the phrenic nerve is 
now crushed as it lies on the pericardium just above the diaphragm. The 
diaphragm is opened by an incision extending from its lateral portion into the 
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esophageal hiatus, during the course of which the subphrenie artery is secured 
uml suture ligated (Fig. 2). If the primary tumor is in the stomach, the 
diuplirugm nmy lie opened at once with little preliminary dissection of the esoph¬ 
agus above the diaphragm. The vascular connections of the stomueh now re¬ 
ceive the attention of the operator. The gastrosplcnic ligament is divided, and 
the vn.su brevin are ligated. In most instances, it is not necessary to perform 
a splenectomy; however, if it interferes with mobilization of the stomach, or if 
there is involvement in the tumor mass, splenectomy is performed. The left 
gastroepiplo ic nrlery is divided, but cure is taken to preserve the length of 
the vcsseT t o serve a s an aniisfomoTie channel for bringing blood to the oiml iac 
end of the stomach by dividing the branches in the gnstro-oolic omentum distal 



Fig. 1.—Tho left pleural cavity )ma been entered throuch tho boil of tho ninth rib. The 
medlattlnnl pleura ho* been Incited and tho tumor In the lower esophagus exposed. 

Fig. —Tho dluphrucm lw* been opened from Ita lateral portion into the esophageal 
hlatui and the margins retructeil by guy auturen. Tito vaeculur connections of tho uppor por¬ 
tion of tho stomach have been llgn.teu and divided. 


to it . Attention is now turned lo the gastroheputie ligament, which is divided 
between clumps, and tlie vessels are secured. In most instances, it is necessary 
to divide the left gastric vessels, following which the fundus of the stomach can 
ho brought high into the chest. If the tumor is iu tho stomach, tho tumor- 
bearing portion is resected between clamps and tho distal portion is closed by 
a continuous, chromic catgut suturo and inverted with a second continuous 
chromic cutgut suture. The suture line is further reinforced by a layer of 
interrupted silk sutures. If tho tumor is in the esophagus and there is suf¬ 
ficient room iHitwecn it and the eardioesopliageal junction, the esophagus is 
divided between two ligature of No. 2 chromic catgut and the distal end is in¬ 
verted into tho stomach by means of a silk purse-string suture; this Is reinforced 
with a layer of interrupted silk sutures, (Fig. 3). Tho proximal end of the 
esophagus or stomueh is now protected by a piece of rubber dam or a rubbor 
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glove. During the course of the dissection up to this point, all nodes that are 
encountered in the periesophageal and subphrenie regions and in the region 
of the left gastric artery are resected in so far as it is possible. 

It is important not to resect the tumor-bearing portion of the specimen at 
this stage of the operation, since the esophagus retracts markedly and anastomo¬ 
sis is thereby rendered exceedingly difficult. Using the clamp on the pro xim al 
portion of the stomach or esophagus for gentle traction, the specimen is now 
lifted up out of the pleural cavity and on to the superior margin of the incision 
so as to present the mesial aspect of the esophagus for the first layer of the 
anastomosis with the stomach. The stomach is brought up into the chest, and 
a circular incision is made through the serosa and museularis, as shown in Pig. 4. 



Fit;- ii.—a, The esophagus is divided between two ligatures placed between the tumor and 
the stomuch. b, The dlsial stump of the esophagus is invaginated into the stomach by purse¬ 
string suture, c, A reinforcing layer of interrupted silk is placed over the purse-string, d, A n 
elliptical button of serosa ana museularis is removed at the site of the new esophagogastric 
anastomosis. 

The button so outlined and composed of serosa and museularis is dissected free 
without opening the gastric mucosa and the small vessels are secured by suture 
ligatures of fine silk close to the margins of the incision. A suitable location 
on the esophagus a sufficient distance above the tumor-bearing area to be judged 
above the farthest extent of the cancer is now selected, and the first; or posterior 
row of sutures is placed. A three-layer anastomosis after the manner of Church; 
ill and Sweet 1 using fine silk interrupted sutures with meticulous approxima¬ 
tion of the-mucosal layer's is now made, as shown in Fig. 5. The esophagus is 
incised layer by layer as the anastomosis is made so that the second layer is 
museularis of esophagus to museularis and serosa of stomach. The esophagus is 
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then completely divided somewhat on tho bias to obtain a largor lumen, and 
the mucosal layer is completed. Following this, the anterior layer of muscularis 
of esophagus to muscularis and serosa of stomach is completed and the outer¬ 
most layer of muscularis of esophagus to serosa of stomach is also completed. 


FIs. 4.—Tho •tomach ho* been brought to tho ncce*«ary height in the pleural cavity. 
The protected tumor-benrinjr portion of tho proximal esophagus I* brought out of the chc*t anti 
over the eupcrlor wound margin and the flmt row (posterior) of Jntcrruptod *ilk, approxlmatlnc 
muieularis of eeophague to serosa. of stonuicli, li» placed. 



a 


b. 


d. 



JlUr«K 'if 


Fit 6._a. Posterior row of Interrupted silk, approximating esoplLogcal muscularis to 

gastric *ero*a. in placed. i>. The second row of interrupted *llk approximating cat edge.of 
miacularli of esophagus to. cut edge of gastrlo muscularis and Kroia U begun. o and d, The 
meticulous approximaUon of mucosal layer*. using tlno Interrupted *Uk with knot* tied in the 
lumen, ig begun posteriorly and will be completed. 


A portion of omentum is next brought up and feed about tho anastomosis. The 
stomach is sutured to the contiguous pleura laterally by several interrupted silk 
sutures so os to relioVe any strain on the anastomosis (Fig. 6). The diaphragm 
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is next closed about the stomach with interrupted sutures and the lateral por¬ 
tion of the incision of the diaphragm is also approximated with interrupted silk 
(Pig. 7). The pleural cavity is flushed out thoroughly with warm normal 
saline and a fenestrated rectal tube for under-water drainage is placed in the 
pleural cavity through a lower interspace. The tip of this catheter is held in 
proper position by a loop of chromic catgut so that when the catheter is removed 
it will slip freely from the pleural cavity. The chest is now closed in layers 
after instilling 100,000 units of penicillin, and re-expanding the lung. Closure 
is effected by using interrupted No. 0 chromic catgut to the pleura and inter¬ 
costal muscles, interrupted chromic No. 0 catgut to the extracostal muscles, 
subcutaneous interrupted No. 000 plain catgut and interrupted silk to the 
skin. After the dressing has been applied, the patient is placed on his back and 
bronchoscopy is performed so that the tracheobronchial tree is dry when the 
patient leaves the operating room. 




Fig. 6.-—Anastomosis Is completed. Stomach is anchored to contiguous pleura by inter¬ 
rupted silk sutures. Omentum is being brought up. 

Fig. 7.—Diaphragm closed around the stomach by interrupted silk sutures llxing the 
stomach In position and closing possible sites of herniation. Omentum is sutured about anas¬ 
tomosis. 


B. Carcinoma of the esophagus located at or below the arch of the aorta 
requiring supra-aortic anastomosis. —When the tumor in the esophagus is so 
high that it is judged it will be necessary to free the esophagus from under 
the arch of the aorta and bring it anterior to the aorta for anastomosis, the 
eighth rib is selected for resection and the seventh, sixth, and occasionally the 
fifth ribs are divided just lateral to their respective transverse processes in order 
to secure adequate exposure high in the thorax. The mediastinal pleura is 
incised and the free portion of the esophagus is delivered into the wound and a 
tape placed about it for traction. By careful blunt and sharp dissection, the 
esophagus with its tumor-bearing portion is freed from the surrounding struc¬ 
tures. These include the inferior pulmonary vein, the left bronchus, and, on 
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occasion, the posterolateral aspect of tlie pericardium in rolution to tlie left 
auricle. It Ls frequently necessary to sacrifice a portion of the right pleura, 
in which case the anesthetist initiates positive pressure and a pack Ls placed 
against the defect until the operation can he completed. Dissection of the 



FIc. 3.—Tim tumor unil proximal «>iu>pluigui« liave brun from beneath tho arch and 

the CBophuKUs divided between llguturea. The e*ophneu* l* divided lower limn Miown here 
that tho dlhtnl ktump may be ln\vrtv«l into tin* xlomnch < KlK. 3)- A clump U Indicated 
being pa**ed tleep to tho uortu to gm.«p the proximal ligature und deliver the tumor-bearing 
portion over und anterior to the nrcl\. 



Fig. 9.—EaophugognHtrlc nnaHtomoj*U complcte<l above und anterior to tho arch of the aorta. 

tumor and freeing of the esophagus from tho under surfaco of the aortic arch 
is tho most difficult part of this procedure and can ho facilitated by working 
from below and above the arch in turn or simultaneously. It may he necessary 
to divide a fow of the high intercostal arteries in ordor to turn the arch of the 
aorta outward and facilitate dissection beneath it. An incision of the mediastinal 
pleura posterior to the left subclavian artery with delivery of normal esophagus 
at this level so that a tape can be placed around it frequently aids tho dissection 
(Pig. 8). It is at this level that the thoracic duct is encountered and may be 
injured. If it is injured and recognized, it should be ligated. If the tumor lias 
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involved the prevertebral fascia, the plane of dissection may lie in the prever- 
tebral space where troublesome bleeding from injury to the anterior external 
vertebral venous plexus may be encountered. When the esophagus has been 
freed and the tumor is found to be resectable, the diaphragm is opened, the 
stomach mobilized, and the esophagogastric anastomosis made as described above 
(operative technique, A). Anastomosis between stomach and esophagus above 
the arch is frequently difficult because of its relative inaccessibility; as has been 
pointed out by various authors, it should be made as high as possible in order 
to take advantage of the blood supply from the inferior thyroid artery, which 
is the sole blood supply of this portion of the esophagus (Fig. 9). 

COMMENTS ON OPERATIVE TECHNIQUE 

Incision. —In no instance has it been necessary to extend the incision across 
the chondral arch or otherwise to make a thoracoabdominal incision of the 
parietes. Adequate exposure has always been obtained as outlined above. 

Avoidance of Trauma. —It is highly desirable, as Sweet 0 has pointed out, 
that the utmost care be observed in preserving the gastric blood supply. This 
is acc omplished b y avoiding the use of clamps or forceps on the stomach and 
by insuring that the Important vessels concerned in the circulation o f the stom¬ 
ac h are n o t impaIrcd~nTth eco urse of ~divIsion~~dn)icir vascular connections in 
the gastrolienal, gastrocolic and"gastro hcpatic li ga ment s. 

rnFalso^oFThiportaiTce that tlie esophagus be handled with great gentle¬ 
ness during dissection and when the anastomosis is made. To that end, no 
clamps or forceps are applied to that portion of the esophagus which will be 
left behind after anastomosis. 

Inoperabilitu as Determined at Operation.—In most instances a condition 
as deemed inoperable because of invasion of vital structures which could not 
be sacrificed with the tumor. Inability to separate the tumor from the aorta, 
bronchus, or inferior pulmonary vein obviously has led to the abandonment of 
the attempt at resection. No case has been encountered where resection of an 
invaded portion of the lung would render it operable, although this should be 
the simplest of procedures. 

The spleen and tail of the pancreas have been repeatedly sacrificed and 
in one case most of the left lobe of the liver has been removed during the resec¬ 
tion of a gastric cancer with survival of the patient in apparent good health 
fourteen months later. 

Palliative Resections. —Although it has been apparent at operation that the 
cancer has spread beyond its original confines as manifested by lymph node in¬ 
volvement or liver metastases, if the primary growth was resectable it has been 
removed. It is felt that the palliation conferred by restoration of esophago¬ 
gastric continuity and the ability to swallow food normally during even a short 
remaining life is ample justification for such an attitude. 

Drainage .—In the earlier series the pleural cavity was not drained, re¬ 
liance being placed on the sulphonamides and penicillin and repeated post¬ 
operative thoracenteses. As a result, there was a high incidence of pleural 
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infections, sonic of which were fntul. Since routine drainage hns been employed, 
serious pleural infections, .except when there 1ms been leakage at the anastomosis, 
have been negligible. 

Bronchoscopy .—The role of bronchoscopy in the preoperative and post¬ 
operative care of patients who have been operated upon for carcinoma of the 
esophagus deserves a special comment. As bus been mentioned, it is of the 
utmost importance that at the time of the esophagoscopy, bronchoscopy also 
be performed in order to rule out extension of the tumor to the tracheobronchial 
tree, and, in particular, to the left stem bronchus. At the conclusion of the 
operation, and after tho patient has been turned upon his buck, bronchoscopy 
is again performed so that the patient leaves the operating table with the 
tracheobronchial tree dry. As in any major thoracic procedure, the patient’s 
inability to raise secretions posto|>emtive!v has been a frequent and troublcsomo 
complication. This can frequently be aided by intratracheal catheter suction, 
but in many instances it Is necessary to ]>crform bronchoscopy one or more times 
in the immediate postoperative duya. 

Complete occlusion of the left stem bronchus with complete atelcetnsis of 
the left lung hns been encountered in four patients who have had the esophagus 
dissected from the left bronchus and the anastomosis made anterior to tho arch 
of the aorta. This complication has been discussed by Strioder.' In one in¬ 
stance, tho occlusion was due to an alwccss which had formed in contact with 
the left stem bronchus as a result of a leak of the suture lino. Two other 
patients died us a result of this complication. In the fourth putient, the edema 
sulisidcd and the lung subsequently aerated. It hits, therefore, been a source 
of some comfort to us to know that then 1 was not actual involvement of the 
bronchus by tumor since it had been visualized at least twice before the com- 
* plication arose. 

COM I’LICATIONS 

Leaktiyo of Anastomosis .—The complication of leak at tho site of the esoph¬ 
agogastric anastomosis was the mast frequent cause of death in our early 
series or cases. In tho later series, from 1945 to 1947, it has been a rathor infre¬ 
quent complication occurring only three times in tho last tliirty-four cases. 
Such leuks occur on approximately the third or fourth day although they have 
been noted on the eighth day. The complication Is usually obvious at once 
because the patient has marked olevulion of tempemturo and, if tho drainage 
tube is still in place, a foul discharge or particles of recently ingested food are 
apparent. 

A roentgenogram of the ehest reveals collapse of the lung because of the 
leakage of air into the pleural cavity through the anastomosis. Three of the 
patients who had anterior anastomoses and who developed leaks relatively late 
recovered. Ono sealed off the leak immediately and restored esophagogastric 
continuity and had no further difficulty in swallowing up to tho time of Ids 
death eight months later from recurrence of the gastric carcinoma. Tho second 
was the re-operated easo reported hi this article. The esophagogastric contin¬ 
uity was restored by secondary healing but thero hns been troublesome narrow¬ 
ing at the sito of anastomosis requiring dilatation at approximately two-month 
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intervals. This patient, however, is alive and well and eating a full 1 diet one 
year later (ease report). The third patient, a'79-year-old man, developed a 
tiny leak which apparently did not result in an empyema but was demonstrated 
by a routine postoperative barium swallow which showed a small extravasation 
of the barium into the surrounding tissue. The patient is entirely symptom- 
free and has remained so eight months after operation. The fistulous tract is 
no longer demonstrable. 

Atelectasis .—This has already been discussed, to some extent, under bron- 
choseopjn All patients exhibiting this complication postoperatively should be 
treated by bronchoscopy if adequate intratracheal catheter suction does not 
suffice to permit the lobe or lung to aerate. ’Where the esophagus has been 
brought anterior to the arch, the possibility of edema of tire stem bronchus re¬ 
sulting from operative trauma must be borne in mind. 

Late Strictures .—Narrowing at the site of the esophagogastric anastomosis, 
without evidence of recurrence of tumor, has been present in four patients of 
our later series. 

Although the complication is an annoying and troublesome one, it has 
yielded satisfactorily to frequent dilatations and the patients have been able 
to cany on on a reasonably full diet. The possibility of the stricture being 
due to recurrence should be considered when the true situation may be revealed 
by esophagoscopy. 


CASE REPORT 

The following case is reported in some detail because of the unusual features 
and because, in so far as can be determined from the literature, it is the first 
time a patient has had two successful transthoracic partial esophagectomies. 

J. N., a G3-yenr-old man, city park custodian, was admitted to the Massachusetts 
Memorial Hospitals on May 17, 1946, complaining of increasing dysphagia and loss of 
twenty pounds in weight of two months’ duration. The dysphagia had progressed so that 
on admission he was able to swallow only liquids and these with considerable difficulty. His 
past history had no bearing on his present illness; he had always been well and strong. Up 
to the time of his weight loss, he had been considerably overweight. With the exception of 
Dupuytren's contracture of both hands, the physical examination and laboratory studies 
were within normal limits for a man of his age. Roentgenographic and fluoroscopic studies 
of the esophagus revealed narrowing and ulceration extending from 7 to 14 cm. above the 
diaphragm (Fig. 10). 

On May IS, 1940, bronchoscopy revealed no abnormalities in trachea or major bronchi. 
At the same sitting, esophagoscopy demonstrated an annular constriction with ulceration 
31 cm. from the upper incisors. Biopsy made at this time showed only chronic inflammation 
of the esophageal mucosa. In spite of the failure to obtain a positive tissue diagnosis, and 
in view of the typical appearance by esophagoscopy and roentgenography together with the 
classical history, operation was offered to and accepted by the patient. 

On May 23, 1946, left transpleural esophagectomy with esophngogastrostomy below the 
arch of the aorta was performed without particular incident. It was necessary' to free 
the tumor from the posteromedial aspect of* the descending aorta to which it was adherent 
for a distance of several centimeters. There was no evidence of metastoses below or above 
the diaphragm. 
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Tho specimen showed epidermoid carcinoma of the esuphngus with tumor cells in the 
periesophageal fibrous tissue. It appeared, microscopically, that the upper aspect of the 
tumor had been cut through at operation. The accompanying lymph nodes (subphronic and 
periesophageal) wero negative. 

Tho patient had a benign postoperative course. JIo wus allowed out of bed on the 
third and discharged home ou the fifteenth just operative tiny. On discharge from tho hos¬ 
pital, ho was eating- a full diet with no dysphugin. 

Ho was readmitted to tho hospital on June 2.1. lfttij, thirty-three days nfter operation, 
complaining of inability to tvruUour of three day*.* duration, lie had had no difficulty until 
one week before when rapidly progressive d.v^phngia hud supervened. Esophngotcopy was 


Flff, 10.—Itoentccnoimim nfter barium meal showing evidence of csophngcnJ carcinoma extend¬ 
ing from 7 lo U cm. above the diaphragm. (Case report.) 


performod on Juno 27, 1040, and again on July 1, 1040. There was out-croppLng of tissuo 
at tho sito of anastomosis which bled easily and the lumen was occluded. Two biopsies 
showed only granulation tissue. Cautious attempts at endoscopic bougienage wore unsuc¬ 
cessful 

Because of tlie pathologic findings in tho specimen removed at the time of resection, 
tho lack of ovidenco of extension of the growth other titan locally, anil the excellent con¬ 
dition of the pntiont at this time, it was decided to attempt farther resection. 

On July 3 1040, the left pleural cavity was reenterod through the bod of the seventh 
rib and with considerable difficulty, because of adhesions and indurated tissues, and the 
original site of anastomosis was resected with a wide margin of stomach and esophagus. 



Fig. 12.—J. N. (case report) photograph taken April 28. 1947. at the time of the last 
esophageal dilatation. Shown are the scars of the jejunostomy and esophagectomy Incisions 
os well as the healed empyema wound through which the esophagogastric fistula drained. 


The proximal esophagus was brought over and anterior to tho arch of the aorta and esopha¬ 
gogastric continuity again restored in the now position. There was, undoubtedly, some ten¬ 
sion on the suture line because the stomach, after a tedious dissection, could not be mo¬ 
bilized completely satisfactorily. 

Careful serial sections of the specimen removed showed no evidence of malignancy on 
histologic examination. 

Three days postoperatively a leak developed at the site of- anastomosis. This was con¬ 
firmed by tho appearance of methylene blue in the drainage tube immediately after it was 
swallowed by the patient. There was associated localized pyopneumothorax, which was 
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small because of tbo diffuse pleural symphysis, tho result of tho original operation, which 
had been largely undisturbed, purposefully at tho time of tho second resection. Tho patient 
had little systemic reaction and tho drainage tube was kept in situ. For the ensuing ten 
days, tho patient's nutrition wo* maintained by parenteral iluids and transfusions with no 
essential deviations from normal blood chemistry. However, when it became apparent 
that thoro was a reasonable chance for survival, n jojunostoiuy was performed oa July 10, 
1040. The patient was then fed a mixture of ,< Gerolac M (Borden Co.) until bo could again 
swallow with n gratifying maintenance of weight over a period of three months. 

Tho small empyema cavity was unroofed by tho resection of segments of several riba 
on July 25, 19-10. At this operation, the opening ut tho esophagogastric junction was 
visualized. There was separation of tho anastomosis for about 50 per cent of the circum¬ 
ference. The erapyemu cavity was revised on Aug. 15, 19-40, so as to remove overhanging 
edges and from this time, thcro was rapid closure of the cavity un/1 of the esophageal dstala. 

During September, 1940, tho csoplmgus was dilated four times under goncral anesthesia 
and, with the closure of tho ilstulu, ho was able to swallow a full diet at the tlmo of dis¬ 
charge from the hospital, Oct. 5, 1910 (Fig. 111. 

Sinco discharge from tho hospital, he lias remained well and for the most part has been 
able to take a full diet except for several days prior to dilatation which 1ms been necessary 
at intervals of approximately two months. At these times, esopliaguscopy lias been performed 
and there has »o evidence of local recurrence. Thoro bos been a gain in weight of 
.10 pounds (Fig. 12). The last dilatation was performed on April 28, 1947. (Tho patient 
remains well with no evidence of recurrence in January, 1948.) 

RESULTS 

An analysis of the total operative experience trom 1941 to liny 1, 1947 
(Table I) reveals that thcro wore seventy-one patients upon whom soventy-two 
operations were performed Of theso, twenty-five bad exploration only, the 
condition being found inoperable. Forty-seven resections of either stomach or 
a portion of esophagus or both wero performed on forty-six patients. One 
patient, discussed in brief above, bad two resections of portions of the esophagus. 

Anastomosis Below the Arch .—There wore thirty-fivo resections of tbo 
cardiac end of tho stomach or of the lowor esophagus or both with esopha¬ 
gogastric anastomosis performed below the arch of tho aorta. There were ton 
hospital deaths in this series, an operativo mortality of 24.0 per cent 


Table I. Total OrEnATivE Expedience (1041-1947) 



NUMBER | 

DIED IN HOSPITAL 

1 OPERATIVE 

[ MORTALITY (%) 

Total cases 

Total operations 

71 

72 

10 

2Q.3 

'Exploration only 

25 

1 

4.10 

Resections 

47 

18 

3SJJ 

Stomach and low esophagus with 
anastomosis below arch 

35 

10 

24.0 

Esophagus with anastomosis obovo arch 

12 

7 

03.0 

Torek 

1 

1 

100.0 

- Table XI. Operative 

Experience 

(1941-1944) 



number 

DIED IN HOSPITAL ] 

OPERATIVE 
MORTALITY (%) 

Stomach and low esophagus .with 

anastomosis below arch 

10 

7 

70.0 

Esophagus with anastomosis, above arch 

2 


100.0 

Torek 

1 

1 

100.0 
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Table m. Operative Experience (1915-1947) 



NUMBER 

DIED IN HOSPITAL 

OPERATIVE' 
MORTALITY (%) 

Stomacli and low esophagus with 
anastomosis below arch 

25 

3 

12.0 

Esophagus with anastomosis above arch 

9 

5 

55.5 


Anastomosis Above the Arch .—There were eleven resections of carcinoma 
of the esophagus located sufficiently high in the midthoracic portion so that 
esophagogastric anastomosis was performed above the arch of the aorta after 
the suggestion of Garloek. Seven of these patients died in hospital, an operative 
mortality of 63.6 per cent. 

Torek Operation .—There was one patient who had the Torek operation 
and who died in the hospital. 

For purposes of contrast, it is of interest to divide the total operative 
experience into two series. The first, covering the period 1941-1944 and con¬ 
sisting of only thirteen eases, was accumulated during a period of meager 
experience and before standardization of procedure and postoperative care. The 
pleural cavity was not drained and penicillin was not always available. The 
results were bad. The second, covering the period 1945 to 1947 (May 1), con¬ 
sists of thirty-four cases treated by the two standard operations described above 
and having the benefit of previous experience in postoperative care. The pleural 
cavity was always drained and all patients had the benefit of penicillin. The 
results were considerably improved. 

Operative Experience 1941-1944 .—There were thirteen operations (Table 

II). 

Anastomosis below the arch: There were ten resections of the cardiac end 
of the stomach or of the lower esophagus or both with esophagogastric anasto¬ 
mosis performed below the arch of the aorta. There were seven deaths in hos¬ 
pital, an operative mortality of 70 per cent. 

Anastomosis above the arch: There were two resections of esophageal 
cancel's situated so high in the midthoracic esophagus that esophagogastric 
anastomosis was performed above the arch of the aorta. Both of these patients 
died in hospital. 

Torek operation: One patient had the Torek operation and died in hospital. 

Operative Experience 1945 to il lay 1, 1947: There were thirty-four opera¬ 
tions (Table III). 

Anastomosis below the arch: There were twenty-five resections of the 
cardiac end of the stomach or of the lower esophagus or both with esophagogas¬ 
tric anastomosis performed below the arch of the aorta. There were three deaths 
in hospital, an operative mortality of 12.0 per cent. 

Anastomosis above the arch: There were nine resections of esophageal 
cancel's situated so high in the midthoracic esophagus that esophagogastric anas¬ 
tomosis was performed above the arch of the aorta. There were five deaths in 
hospital, an operative mortality of 55.5 per cent. 

Survivors: Of the twenty-six operative survivals, twenty-one patients are 
still alive from one month to fourteen months later, on May 1, 1947, when 



























Fig. 16.—X. B.. 84-year-old man who had successful transpleural esophagectomy and 
esophagogastric anastomosis below the arch for carcinoma occurring In the lower mldthoraclc 
esophagus. Photograph made six weeks after operation which was performed April 1. 1947. 
The scars of the operative incision and drainage site are shown In the lateral and posterior 
views. This patient had Hodgkin’s disease of the nasopharynx at age 72, treated by radiation 
with apparent recovery. 

The age distribution of the survivors is shown in Table V. The two oldest 
survivors are aged 80 and S4 years, respectively. The 84-year-old survivor had 
histologically proved Hodgkins’ disease of the nasopharynx at age 72 treated 
by radiation and is without evidence of recurrence at this time (Fig. 16). Two 
other patients in the total series operated successfully had a second primary 
cancer. One, aged 60 years had a grade HI carcinoma of the lip excised 
seven and one-half months before esophagectomy with anastomosis above the 
arch, and is now well thirteen months later. The other died one month after 
transthoracic gastrectomy with a primary carcinoma of the colon. 

Table IV. Deration op Survival 



Table V. Ages’ of Survivors 


AGE (TR.) 


NUMBER 












STRIHDKIC CARCINOMA OF ESOPHAOUS AND STOMACH 


161 


SUMMARY 

1. The experience with seventy-two operations on soventy-one patients 
with carcinoma of the esophagus occurring at or below tho arch of the aorta, 
and of the cardiac end of the stomueh, is presented. 

2. The preoporntive preparation, the operative technique, and tho post¬ 
operative complications are discussed. 

3. It is suggested that in reporting results, the division of cases into (1) 
those in which esophagogastric anastomosis was mudo below the arch of the 
aorta and (2) those in which it was made above and in front of tho arch of 
tho aorta, is of greater immediate practical significance because of tho marked 
differences in operative mortality than is indicated by tho arbitrary anatomical 
divisions into thirds or fourtlis. 

4. Tho complication of occlusion of the left stem bronchus duo to edema 
following dissection of the esophagus from the bronchus is reported as occurring 
in four patients. 

5. A case is reported in some detail because of the unusual fentures and 
because, in so far as can be determined from the literature, it is tho first timo 
a patient has had two successful transthoracic partial esophagectomies. 

6. The results of tho totul operative experience are reported in detail. 

The author takes pleasure In expressing his indebtedness to the following surgeons who 
have collaborated with him on several of the ens-s jncladc-1 in this report: Dr. Edwnrd A. 
Coonoy, Boston City Hospital; Hr. Charles Sxiklus, Dr. Thomas Anglom, and Dr. Hollis L. 
Albright, Massachusetts Memorial Hospitals. 
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CONGENITAL ESOPHAGEAL ATRESIA AND 
TRACHEOESOPHAGEAL FISTULA 

Clayton G. Lyon, M.D., and (by invitation) Stanley G. Johnson, M.D. 

San Francisco, Calif. 

I N A recent review of the literature, we Lave been able to find reports ot 
approximately 468 cases of esophageal atresia with or without tracheo¬ 
esophageal fistula. There has been a renewed interest in the condition and an 
increased number of successful eases have been reported since the first success¬ 
ful repairs reported by Leven, 1 and by Ladd 2 in 1939. , 

The anomaly appears to assume several forms classified by Vogt 3 in three 
main categories and classified under five main types by Ladd (Fig. 1). 

Class 1: The upper esophageal segment terminates in a blind pouch in the 
upper third and the lower esophageal segment is represented by a similar blind 
pouch, there being no communication with the trachea. 

Class 2: The upper esophageal segment communicates with the trachea 
and the lower segment is a blind pouch. 

Class 3: The upper segment terminates blindly and the lower segment of 
the esophagus communicates with the trachea above the carina: 

Class 4: This is similar to 3 except that the lower segment communicates 
with the trachea at the carina or with the right or left main-stem bronchi. 
Class 5: Both segments communicate with the trachea. 

In Fig. 1 we have tabulated the types-of anomaly as reported in three large 
series of cases in which the authors have been able to determine that type which 
existed. In eighty-four cases, seventy-six or eighty-six per cent, were found 
to have an upper esophageal segment that terminated blindly, and a lower 
segment that communicated with the tracheobronchial tree by means of a 
fistulous tract. 

The diagnosis is suggested by increased oral secretions, attacks of cyanosis, 
or the regurgitation of feedings. Confirmation is obtained by passage of a 
small catheter into the esophagus which meets an obstruction in the upper third, 
or fails to enter the stomach. The patient is then fluoroscoped while one-half 
to one cubic centimeter of lipiodol is introduced through the catheter, thus 
demonstrating the upper segment with or without its tracheal communication. 
The inferior level of the upper esophageal segment is elevated during the act 
of deglutition. Therefore, one should determine this level during and between 
the acts of deglutition under fluoroscopy rather than relying on a roentgeno¬ 
gram for this information. Following the examination, the Lipiodol should be 
aspirated as it is easily regurgitated and enters the tracheobronchial tree. 
Roentgenograms of the chest and abdomen are valuable in determining the con¬ 
dition of the lung fields, the presence or absence of other anomalies, and the 
presence or absence of gas in the gastrointestinal tract. In some instances, 

From the Department of Thoracic Surgery. University of California Medical School. 
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Surgery, St Louis. Mo., May 2S, 29 and 30, 1947. 
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lipiodol which may have been regurgitated by the infant, will demonstrate the 
tracheobronchial tree and occasionally the lower esophageal segment. Gas in 
the gastrointestinal tract Is usually indicative of a fistula. Uowovcr, Haight 
records two instances in which the lower segment communicated with the trachea 
and in which gas was not present in the gastrointestinal tract. 

Successful surgical management has been developed and reported by Haight 
and Towslcy, 4 Humphreys,* Ladd and Swenson,” Gross, ,J Lcvcn, 1 and others. 
The number of successful repairs is rapidly increasing us a result of earlier 
diagnosis and constant improvement in anesthesia and surgical management. 
The early methods of dealing with this anomaly were encouraging but certainly 
not ideal. The multiple stage procedure with eventunl construction of an ante- 
thoracic esophagus resulted in (he first successful repairs. Subsequently, the 
development of a plan of direct attack with primary anastomosis of the esopha¬ 
geal segment by an extrapleural approach have proved very successful in those 
cases in which the esophageal segments arc in dose approximation. It would 
appear from a review of the literature that approximately 85 per cent of the 
cases may lie managed by the direct approach. However, there still remains 
approximately 15 per cent of the cases in which the esophageal segments are so 
widely separated that the anastomosis cannot be done and in those infants the 
multiple stage procedure Is necessary. 

Encouraged by the good results of children undergoing intmthorncic opera¬ 
tion under intratracheal anesthesia, and discouraged by the prolonged and dif¬ 
ficult course of the multiple-stage operations, we hare attempted a transpleural 
approach under intra-tracheal anesthesia in a small scries of cases. In those 
infants in whom an unastomosis of the esophageal segments is not possiblo we 
huvo contemplated an esophagogastrostomy, fully aware of the fact that such 
a procedure is one of groat magnitude in tho newborn infant. In the past six 
months we have encountered four infants with this congenital anomaly and 
for whom we have used a transpleural approach under intratracheal ethor und 
oxygen anesthesia. -/ 

Ladd mentions the use of tho transpleural approach in seven patients 
with one success, and tho successful transpleural ligation of the fistulous tract 
in one other instance. He also mentions that It. n. Franklin, in 1941, used 
the transpleural approach in one infant. Haight records ono ease in which the 
transpleural approach was used. It has been commonly felt that the trans¬ 
pleural procedure is one of considerable hazard because of the low pulmonary 
rcservo of infants, und that a surgical procedure of this magnitude was attended 
with considerable shock. It has been also stated that general anesthesia might 
bo less woll tolerated and that local anesthesia using the extrapleural approach 
is preferable. However, many operators using tho extrapleural approach have 
found that the reconstruction of the esophagus is much more satisfactory when 
using general anesthesia. They feel that there is much less movement of the 
esophagus aud, therefore, less technical difficulty in performing the anastomosis. 
Furthermore, tho pleura is frequently inadvertently opened when tho extra¬ 
pleural approach is used, resulting in pneumothorax. 
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I N A recent review of the literature, we have been able to find reports of 
approximately 468 cases of esophageal atresia with or without tracheo¬ 
esophageal fistula. There has been a renewed interest in the condition and an 
increased number of successful cases have been reported since the first success¬ 
ful repairs reported by Leven, 1 and by Ladd 2 in 1939. . 

The anomaly appeal’s to assume several forms classified by Vogt 3 in three 
main categories and classified under five main types by Ladd (Fig. 1). 

Class 1: The upper esophageal segment terminates in a blind pouch in the 
upper third and the lower esophageal segment is represented by a similar blind 
pouch, there being no communication with the trachea. 

Class 2: The upper esophageal segment communicates with the trachea 
and the lower segment is a blind pouch. 

Class 3: The upper segment terminates blindly and the lower segment of 
the esophagus communicates with the trachea above the carina: • . . 

Class 4: This is similar to 3 except that the lower segment communicates 
with the trachea at the carina or with the right or left main-stem bronchi. 
Class 3: Both segments communicate with the trachea. 

In Fig. 1 we have tabulated the types-of anomaly as reported hi three large 
series of cases in which the authors have been able to determine that type which 
existed. In eighty-four cases, seventy-six or eighty-six per cent, were found 
to have an upper esophageal segment that terminated blindly, and a lower 
segment that communicated with the tracheobronchial tree by means of a 
fistulous tract. 

The diagnosis is suggested by increased oral secretions, attacks of cyanosis, 
or the regurgitation of feedings. Confirmation is obtained by passage of a 
small catheter into the esophagus which meets an obstruction in the upper third, 
or fails to enter the stomach. The patient is then fluoroscoped while one-half 
to one cubic centimeter of lipiodol is introduced through the catheter, thus 
demonstrating the upper segment with or without its tracheal communication. 
The inferior level of the upper esophageal segment is elevated during the act 
of deglutition. Therefore, one should determine this level during and between 
the acts of deglutition under fluoroscopy rather than relying on a roentgeno¬ 
gram for this information. Following the examination, the Lipiodol should be 
aspirated as it is easily regurgitated and enteis the tracheobronchial tree. 
Roentgenograms of the chest and abdomen are valuable in determining the con¬ 
dition of the lung fields, the presence or absence of other anomalies, and the 
presence or absence of gas in the gastrointestinal tract. In some instances, 
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Oq Oct. Jo, 1040, ut tho nge of 00 hours, the infant was operated upon under ether 
and oxygen anesthesia as outlined below. A blind upper csophngoal segment was found. 
When the uppor segment was rooblHied it could bo drawn down to u point just above tho 
arch of tho aorta. Tho lower segment of the ctophngus was approximately 1.5 cm. long 
and there was no communication with the trachea. Tho diaphragm wan opened, tho vessels 
of the greater und lessor curvatuiea were divided down to tho prepyloric region, and the 
stomach was delivered into the pleural space. Tho lower esupbugcal segment and a portion 
of tho adjacent lesser curvature 2 cm. in leugth were exebed, and the stomach inverted. 
The resultant gastric tube could be delivered to a point just above the level of tho aortic 
arch whero end-to-side osoplingognstrostomy was carried out using two rows of interrupted 
line cotton suture. The blood supply to the stomach upjwuroil adequate and there was 
no undue tension. The diaphragm was closed, its margins were sutured to the stomach, and 
tho site was covered with pleura. The chest wall was closed In layers with fino cotton 
sutures. The surgical procedure required four hours and twenty-flvo minutes. At completion 
of tho procedure tho infant’s condition was eonsideied only fair. Shortly thereafter, a 
considerable amount of mucoid material was aspirated from tho pharynx and ono attack of 
cyanosis occurred. There was no evidence of laryngeal edema. 

Because of tho Mongolian idiocy exhibited by this infant, tho postoperative care was 
not to be especially energetic. JJowover, on tho brat postoperative day, the infant received 
an unplanned feeding of 2 ox. of fonuulu, which was regurgitated immediately and aspirated. 
Aspiration pneumonia developed and resulted In death forty-eight hours after surgery. 

Autopsy revealed that tho blood supply to the stomndi had been adequate and the 
anastomosis was intact. Tho bronchial tree contained n considerable amount of brown mucoid 
material. There was extensive bilntoral pneumonia. 

Case 2.—B. O., a premature female infant weighing .1 pounds aud 7 ounces at birth, 
wns admitted to the University of California Hospital 102 hours after birth. At another 
hospital where sho was admitted shortly after a precipitant delivory at home, it was noted 
that all feedings were regurgitated, that excessive mucus frequently was present in the 
mouth aud nasopharynx, and that uttneks of cyanosis occurred with periods of apparent 
respiratory difficulty. Despito this information, a diagnosis was not established until the 
fourth day of life, when attempts to pass a catheter into the stomach met an obstruction 
in tho upper esophagus. Thereafter, fluoroscopy revealed gus in tho stomach and small 
bowel; equivocal evidence of pulmonary infiltration on tho right; and, with thin barium as 
ft contrast media, n blind uppor oaplmgcal segment extending io a level opposite the mid- 
portion of the third thoracic vertebra. 

On entry tho infant appenred nctivo but cried feebly. Sho was markedly dehydrated 
and moderately icteric. Physical findings othorwlbo wore essentially normnl except for 
equivocal evidence of pneumonitis at the right base. There were no other obvious anomalies. 

Several Lours were consumed in attempting to improve her general condition. Tho 
regime included frequent nasopharyngeal aspirations, continuous administration of oxygen, 
parenteral injections of plnsmn, iblood, glucoso in Ringer's solution, and penicillin. 

On Nov. 0, 1040, at tho ago of 120 hours,, under intratracheal other and oxygen, tho 
transpleural approach mentioned below was carried out. A blind upper esophageal segment 
was encountered. Tho lower esophageal segment communicated with the trachea, entering 
that structure just nbovo tho car inn. After mobilisation of each esophageal segment, tho 
esophageal portion of tho fistula was ligated with fine cotton, divided, and the fistulous 
stump transfixed distal to the ligature with a similar eutuie. An anastomosis was carried 
out after rotating tho distal segment clockwiso through ISO degrees as suggested by Gross. 
Again attempt was made to take tension off tho suture line by sntaring tho wall of each 
esophageal segment to tho mediastinal tissue. After pi cu mb rat ion, the wound was closed 
in layers with Interrupted fino cotton sutures. 

The operation required ono hour and fifty-five minutes, and tho infant received paren¬ 
teral glucose in Ringer’s solution and blood during the procedure. At tho completion of the 
operation, her general condition appeared to be no worse than it was on her ontry to the 
operating room. 
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Postoperatively, however, there was more and more respiratory difficulty, with grad¬ 
ually increasing physical signs of bilateral pneumonia. Associated with these findings were 
persistent excessive oral and nasopharyngeal mucous accumulations that required aspiration. 
Death ensued nineteen and one-half hours after completion of the surgical procedure. 

Autopsy revealed extensive bilateral pneumonia. The esophageal anastomosis admitted 
nothing larger than a 2.5 mm. probe, the obstruction apparently resulted from inversion of 
too much esophageal wall rather than from rotation of the lower segment. Both esophageal 
segments appeared as though they had been viable, and there was no undue tensions on the 
anastomosis. 

Case 3.—B. B., a seven months premature male infant, delivered following a pregnancy 
complicated by placenta previa, weighed 3 pounds, 15 ounces at birth. Physical examination 
at that time revealed no obvious abnormalities. On the third day, excessive oropharyngeal 
secretions were noted.and the infant regurgitated its feedings through its nose and mouth. 
This was associated with attacks of cyanosis and difficulty in breathing. At that time exam¬ 
ination revealed bilateral, coarse, wet pulmonary r&les. A catheter could not be passed 
beyond the upper portion of the esophagus. Fluoroscopy with lipiodol as contrast media 
revealed an apparently blind upper esophageal segment. Gas was seen in the stomach and 
small bowel. 

The infant was transferred to the University of California Hospital and prepared for 
surgery by a regime which included aspiration of the oropharynx, continuous administration 
of oxygen, parenteral administration of saline, glucose, plasma, and penicillin. 

On Nov. 16, 1946, at the age of S8 hours, the infant was operated upon under ether 
and oxygen intratracheal nnesthesia as outlined below. A blind upper esophageal segment 
was encountered. The lower esophageal segment communicated with the trachea entering 
that structure just above the Carina. Each esophageal, segment was mobilized. The lower 
segment was divided just below its entrance into the trachea, the fistulous esophngeal stump 
was ligated with fine cotton material and transfixed distal to the ligature with similar 
material. A very satisfactory end-to-end anastomosis between the two esophageal segments 
was carried out as described below without apparent tension and without rotating the lower 
segment. The site was covered with pleura and the wound was closed in layers with in¬ 
terrupted sutures of fine cotton. 

The procedure required two hours and forty minutes. The condition of the infant at 
the completion of the procedure was considered quite satisfactory. 

During the first seven days postoperatively, the infant was maintained on a regime 
of frequent oropharyngeal aspirations, continuous oxygen, no oral feedings, and parenteral 
administration of saline solution, glucose, plasma, blood, and penicillin. During this period 
the infant seemed to handle its oropharyngeal secretions fairly well. 

Thereafter the infant was fed but almost immediately began to regurgitate and aspirate 
its feedings. Occasionally this resulted in episodes of respiratory difficulty associated with 
cyanosis. Therefore, feeding attempts were discontinued for a time and the infant was 
maintained on parenteral fluids, plasma, and blood. On the ninth postoperative day, a 
small amount of lipiodol was instilled into the pharynx under fluoroscopic vision. The lipiodol 
was delayed for a short time at the site of the anastomosis and then a narrow trickle passed 
into the lower esophageal segment and at the same time lipiodol also passed into the left 
bronchial tree. Apparently the fistula had reopened. It was thought then that dilatation 
of the anastomotic site might relieve the partial obstruction and it was hoped that the 
fistula might close spontaneously. Dilatations were done on two occasions until a No. 5 
French catheter could be passed with ease into the stomach. However, the infant continued 
to aspirate its secretions intermittently as well ns the small feedings that were given, until 
pulmonary infection resulted in death on the twenty-seventh postoperative day. 

Autopsy revealed evidence that a small abscess had formed about the anastomotic site 
with resultant reopening of the tracheal fistula. In addition, there was a second area of 
steuosis of the lower esophageal segment about 2 cm. distal to the fistulous communication 
of the esophagus with the trachea. Tliis stenotic area was overlooked at the time of the 
surgical procedure. The lungs showed evidence of bilateral pneumonia and atelectasis. 
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Cask 4.—P. T., n full-term female infant, weighing (t pounds, 13 ounces at birth, was 
admitted to the University of California Hospital twenty-four hours after birth. Shortly 
after birth nn attack of cyunosis was relieved by ugpimtion of mucus from the pharynx. 



Flu- 2. 


It was note<l that the child becamo cynuotic during its first feeding. A cathoter was 
introduced into the esophagus but met nn obstruction in the upper third. Physical examina¬ 
tion revealed a considerable amount of ruucoid material in tho pharynx. Thore were, coarse 
rales throughout both lung fields which cleared somowhat after aspirations of the pharyngeal 
secretions. 
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Under fluoroscopy tlie lung fields were clear. A small amount of lipiodol was intro¬ 
duced into the upper esophagus through a small catheter and it demonstrated a blind upper 
segment ending just above the tracheal bifurcation. During examination, some of the 
lipiodol was aspirated and it outlined the trachea and main-stem bronchi. A small amount 
of the lipiodol was seen entering the lower esophagus through a fistulous tract at the bi¬ 
furcation of the trachea. Gas was present in the gastrointestinal tract. 

The infant’s dehydration was corrected, the pharyngeal secretions were aspirated fre¬ 
quently, and twelve hours after entry, at the age of 36 hours, the infant was taken to 
surgery. Under introtracheal ether and oxygen anesthesia, a left transpleural approach was 
made. Both esophageal segments were mobilized, the lower segment was freed and doubly 
ligated at the site of the fistula, and end-to-end anastomosis was effected between the esopha¬ 
geal segments. The procedure consumed three hours and twenty minutes. Ninety cubic 
centimeters of whole blood were given during the operation. 

Following the operation, the infant’s condition seemed to be good. During the first 
forty-eight hours the nasopharynx required aspiration at decreasing intervals. After forty- 
eight hours the infant appeared to be able to swallow all secretions. 

Nutrition wa3 maintained with parenteral blood, plasma, saline solution, and glucose. 
On the seventh postoperative day the child was started on small hourly feedings of from 
4 to 6 c.c. of lactic acid formula. Feedings were taken readily so that they were gradually 
increased daily until a full formula was taken. Thirteen days after operation the wound 
healed per primam, and the child was discharged twenty-three days after entry. She is now 
7 months of age and in excellent condition. She takes fluids readily but purded foods must 
be diluted with formula. 

The procedure is diagrammatically represented in Pig. 2. The left postero¬ 
lateral transpleural approach is employed. The pleural space is entered through 
the bed of the fifth rib. The third and fourth ribs are divided in the para¬ 
vertebral area. In the case in which the stomach was delivered into the chest 
it was necessary to divide the sixth rib as well, in order to gain adequate ex¬ 
posure. 

The lower esophageal segment is exposed by a short longitudinal incision 
through the mediastinal pleura just anterior to the descending aorta. By 
gentle dissection in the posterior mediastinum, the lower esophageal segment 
is brought into view. In two infants the lower segment was freed for a distance 
of 4 to 5 cm. below the arch of the aorta in order to help gain as much freedom 
from tension on the suture line as possible. This procedure did not appear to 
jeopardize the blood supply of this segment. 

The posterior mediastinum superior to the arch of the aorta is entered by 
dividing the highest intercostal vein and making a longitudinal incision through 
the pleura just posterior to the subclavian artery. By gentle dissection, the 
proximal portion of the lower segment can be freed and delivered above the 
arch of the aorta, using a small hernia tape for traction purposes. The com¬ 
munication with the trachea is interrupted after ligation of the most proximal 
portion with fine cotton. The closure of the stump of the fistula is further 
accomplished by placing fine interrupted cotton sutures. 

The upper esophageal segment is then freed as far superiorly in the cervical 
region as possible. A transverse opening is made in the most dependent por¬ 
tion of the upper esophageal segment. A small catheter is then inserted through 
the lower segment into the stomach to rule out the presence of additional 
stenotic areas. 
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Should none exist, the catheter is then withdrawn. A longitudinal incision 
of comparable length to tho transverse opening in the upper segment is made 
through tho anterolateral wall of the lower segment. It is necessary to uso a 
longitudinal incision in tho lower segment because of the progressively decreas¬ 
ing diameter of this segment us it approaches its site of communication with 
tho trnchca. 

The esophageal segments arc then anastomosed using two rows of 00000 
Deknatel sutures. Interrupted sutures aro used to approximate the mucosa. 
Unttress sutures arc used in the second row to approximate the muscularis. 

In oue infant in winch whip sutures were employed, the lumen at tho 
nnostoinotic sito was found to bo very small when examined at autopsy. 

An attempt is made to relieve tension on tho suture line by plaeiug 
several sutures from tho esophageal wall on each sido of tho anastomosis to the 
mediastinal tissues. These sutures also servo to prevent traction on tho suture 
lino during tho act of deglutition. 

Prom our experience with such few cases wo are not justified to draw 
conclusions. All four infants appeared to havo withstood tho immediate surgery, 
oven though two wore premature infants that were exceedingly poor oporativo 
risks. One infant dieel on the twenty-eighth postoperative day, probably because 
of the presence of a stricture in tho lower esophageal segment and which was 
overlooked at surgery. In this infant a fistulous tract was re-established between 
the esophagus and tho trachea. The lost infant had a very uneventful course. 
She is well at the present timo although she may require dilatntions in the future. 

REVERENCES 

1. Leven, N. L.: J. Thoracic Soro. 10: 018, 1043. 

2. Ladd, W. E.: Now Eng. J. Med. 230 : 025, 1044. 

3. Vogt, E. C.: Am. J. Koentgonol. 22: 403, 1920. 

4. Haight, C., und Towsley, II. A.: flurg., Gynee, & Olwt. 76: 072, 1943. 

5. Humphreys, G. II.: Surg. 16: 801, 1044. 

0. Ladd, W. E„ and Swenson, O.: Ann. Surg. 125: 23, 1947. 

7. Daniel, R. A., Jr.: Ann. Surg. 120 : 704, 1944. 

8. Haight, C.: Ann. Surg. 120: 023, l()44. 

9. Grow, It. E., and Scott, II. W.: Surg., Gynec^ &, Obst. 82: 51S, 1040. 

’ D1SCU8SION 

DR. BICHARD HARWOOD SWEET, Boston, Alans.—Thoro is just one technical mat¬ 
ter that I would liko to take issuo with, namely tho tochnlque of tying the esophagus below 
the tumor and inverting tho distal end with a purso string. I have done that several times, 
under duress, where, becauso of tho poor condition of tho patient, I felt it necessary for 
hastening the operation, but I would like to point out that, at least in my hands, it is 
very difficult to got an odcqnnto dissection of tho pericardial region and the region of 
the loft gnstric vessels, which I believe is of groat importance if wo are going to increase 
the survival rate in this group. 

Alight wo have tho first of three slides which I would like to show to summarise our 
experience at the Massachusetts General Hospital, which I happened to be reviewing re¬ 
cently! 

(Slide.) This represents the experience with 213 patients operated upon with car¬ 
cinoma of the esophagus, at cithor the low level, which Dr. Strieder speaka of, involving 
the card!a, or the high level, in the midthoraeic esophagus. Of the latter you can see 
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DR. CAMERON HAI GHT, Ann Arbor, Mich.—Dr. Holinger sliould be praised for 
the superb movies which be has shown to us and for the extraordinarily satisfactory tech¬ 
nique he has developed for the moving picture demonstration of lesions seen through an 
endoscope. 

The subject of congenital atresia of the esophagus has greatly interested us at the 
University of Michigan since Robert Shaw in 1938 first called our attention to the possi¬ 
bility of a direct anastomosis of the two segments of the esophagus. Since then we have 
stressed the restoration of intrathoracic esophageal continuity whenever possible. In fifty- 
two patients for whom operation has been performed, we have endeavored to apply this 
principle, even in some cases in which the chance of success was extremely remote. This 
policy has been used in preference to the alternate method of tire multiple-stage operation 
with an eventual antethoracic esophagoplasty, because we have not felt justified, up until 
the present time, at least, in recommending an antethoracic esophageal tube as an eventual 
means of swallowing for a newborn infant. 

Our first use of the principle of esophageal anastomosis was in 1939. During the fol¬ 
lowing two years, we operated upon five patients and were discouraged because all of them 
died. The sixth patient survived, however, and she happens to be the oldest living patient 
operated upon by this plan and the first one to have survived following the reconstruction 
of intrathoracic esophageal continuity. She was admitted at the age of 12 days after having 
been brought a distance of 500 miles by automobile. Subcutaneous glucose infusions had 
been given en route to prevent dehydration. There was air in the stomach, a sign which 
we now know is indicative of a good chance for obtaining a satisfactory esophageal anasto¬ 
mosis. Although there was temporary leakage of the anastomosis with the subsequent develop¬ 
ment of a stricture, it was necessary to dilate the stricture only on one occasion. The slide 
shows the roentgen appearance of the esophagus in June, 1916, and also a photograph of 
the patient at the same time. She is a normal child who enjoys normal activities. There 
is residual narrowing of the esophagus at the site of tlio anastomosis, but she is able to 
eat all kinds of foods, although it is necessary that largo food particles be omitted from 
the diet. As thcro has been progressive enlargement of the lumen at the site of the stricture, 
further dilatations have not been needed. 

The results that have been obtained during the developmental period of the operation 
of reconstruction of intrathoracic esophageal continuity are shown in the slide. Fifty-nine 
cases have been seen during the last eight years. Operation was withheld in seven cases; 
two of these patients were premature, one of them dying twenty-four hours after admission 
and the other on the second day after admission. Operation was not used in the remaining 
five patients because of various anomalies in addition to the esophageal atresia. 

Operation was undertaken in fifty-two patients. In eleven of the fifty-two an esopkngo- 
esoplmgeal anastomosis was not possible; in another patient it was possible, but not done. 
In these twelve patients no serious attempt was made to correct the anomaly, with the ex¬ 
ception of one recent patient for whom an esophagogastric anastomosis was done by Dr. 
F. X. Byron. 

Of 40 patients for whom an esophageal anastomosis was completed,, twenty-two died 
and eighteen recovered, a recovery rate of 45 per cent. The over-all recovery rate in the 
fifty-two patients for whom operation was undertaken was 34.6 per cent. If the above 
results are analyzed in groups according to the years in which the patients were treated, 
it will be seen that the outlook has changed from one of great pessimism at the beginning, 
to one of considerable optimism at the present time. In the first four years of this study, 
1939 to 1943, the recovery rate following esophageal anastomosis was 23 per cent. During 
the last four years, 1943-1947, tho recovery rate following esophageal anastomosis has 
increased to 55 per cent. All tho operations have been done within the brief period of 
eight years and tho refinements in. management which will largely influence the results in 
the future have been used only in recent case?. It appears proper, therefore, to analyze 
further the results in the more recent cases. Tlius, in the last two years there have been 
ten recoveries following esophageal anastomosis in fifteen cases, and within the last three 
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month a six recoveries in *ix eases. Of tliehO last six ciu#es, three wore operated upon by 
Dr. F. \V. O’Donnell, who has the distinction and enviable record of having had a 100 per cent 
recovery rate to date. A Vo recognize that tho nature of the anomaly, tho prercnco at timed 
of associated anomalies und tho poor general condition of some of tho patients will not 
allow for 100 per cent recovery of nil putients, but tho recent results are an Index of a 
figure which can bo approximated in tho future. 

In regard to tho typo of approach which should Imj used, wo favor the right extra¬ 
pleural exposure of tho anomaly, ami particularly if the preoj>erative roentgenogram demon¬ 
strates tho presence of nir in the stomach, inasmuch as air in tho stomach bofore operation 
indicates that there will usually 1 h» a sufficient length of the two segments to permit tlie 
construction of an anastomosis. Thus in forty-four of the fifty-two patients there was 
air in tho stomach before operation and anastomosis was possible in approximately 88 per 
cent of the forty-four patients. At oj'erntion the typical anomaly with a varying degree 
of separation of the two segments was found in thirty-three of these forty-four coses, and 
an anastomosis was possible in twenty-eight of the thirty-three. lu tho remaining eleven 
of the forty-four putients with air in the stomach boforo operation, there was partial 
muscular continuity of the two segments; in this group there was an nmplo length of the 
two segments of the esophagus to permit nn anastomosis in all cases. 

Tho convene situation is obtoned when air is not present in the stomach before opera¬ 
tion, ns was noted in seven of tin* fifty-two patients. In four of these thoro was a variable 
degreo of agenesis of the lower esophagus, so tluit the latter did not extend up to the 
trachea. An e*oplmgo-esopluigenl anastomosis was obviously imjmsslblo because of tho short 
length of the lower segment. In the remaining three of thu seven cates, there was a fistulous 
communication between the trachea and lower esophagus, but tho fistula was too small to 
allow tho passage of air. Although an anastomosis was possible in two of theso cotes, it 
was unsatisfactory because of the narrow dlumetcr of tho lower esophagus. 

The excellent opportunity to conbtruct nn esophageal anastomosis in patients with 
air in tho stomach, ns demonstrated by tho above statistics, would indicate that a right 
extrapleural approach should bo favored in this group. In patients without air in tho 
stomach, sorno other method is needed to obtain recovery' in most instances. It would, appear 
therefore, that in cases without air Sn tho stomach, tho left intrapleural approach, which 
has been used by Dr. Byron in our clinic und recommended today by Dr. Lyon and Dr. 
Johnson, has great merit, in that it affords nn opportunity for thu j>erformnneo of an esophu- 
gogastrostoroy should an esoplmgo esophngenl anastomosis bo impossible, ns will usually bo the 
rase. 


DR. JAMES E. DA I LEV, Houston, Texas—For t he sake of thu record, and because 
the reported cases of this type of operation are as yet rather small, I should like to offer 
a small group of only eight eases. 

Nine individuals were explored, nnd resection and anastomosis wero performed in 
eight. One of these operations was dono for stricture of tho esophagus, two wero per¬ 
formed for benign nicer* of the rsophngus with marked strictures, ono for squamous cell 
carcinoma and four for adenocarcinoma of tho cardia of tho stomach extending into the 
esophagus. 

Now if wo had stopped with our first five cases, wo would have had cxecllont statistics, 
as they were 100 por cent recoveries, but the next three died. Ono of thoso was a 76-year- 
old woman with benign ulcere of tha esophagus, who died, on tho third week postoperatively 
from a poriphoml circulatory collapso. An autopsy was performed, and tho pathologist 
coold not give ua any doflnito enuso of death. 

Another of the mortalities was a 71-year-old man, who died twenty-four hours post- 
operatively, from apparently tho same type of circulatory collapse. That was an adeno¬ 
carcinoma. 

The third fatality was a pationt 50 years old, who died six weeks post operatively with 
an associated empyema. 

One of die other patients has since died fourteen months postoperativcly from me¬ 
tastasis of the adenocarcinoma to the liver and abdominal organs. 
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AH of these cases were done by the left transthoracic approach. In none of them 
was it necessary to extend the incision further downward. 

I should like to ask Dr. Strieder if he has encountered any troublesome dilatations 
of the stomach due to sacrificing the vagi. 

In all of our cases we have made a habit of not using a Levin tube postoperatively 
except in two in which we did have some trouble with hugely dila ted stomachs. However, 
the distention disappeared without any further trouble after a few days. 

DE. 'VYM. E. ADAAIS, Chicago, HI.—Nine years ago I reported before this association 
our first case of resection of carcinoma of the lower esophagus. That patient is living and 
well, without evidence of recurrence today. 

Since that time, Dr. Pliemister and I have resected approximately sixty cases for tliis 
condition, and I would like to report the results on those resections at this time. 

During the earlier years, as you all* know, the risk of the operation was great for a 
number of reasons, and our mortality—the same as most—was around 40 per cent. At the 
time I presented our report n in e years ago, the mortality was around 50 to 60 per cent. 

You have all heard the statistics given today to show what a marked advance has 
been made in tills short time in the treatment of these lesions. Our over-all mortality in 
this group of sixty cases is approximately 30 per cent. 

In the last year or so, during our last twenty-seven resections, there have been only 
two deaths. At the present time most of the risk is on a cardiovascular accident basi3. 
There will be an occasional leak, but, as Dr. Strieder has shown us, most of such patients 
can be brought through with chemotherapy and other means. 

I do not quite agree with Dr. Strieder about the mortality being so much greater for 
the high resection and anastomoses. That certainly has not been true in our hands. I think 
that is an important factor, too, because so often the lesion is such that we are tempted 
not to remove enough of the organ, and we are going to have recurrences if we do not make 
adequate resections. 

I also agree with Dr. Sweet, about adequate removal along the cardiac end of the 
stomach. Our first patient had metastasis to the glands along the lesser curvature of the 
stomach. If those glands and the tissue in that region are removed, I feel sure that we will 
have a higher percentage of patients living after a five-year period. 

DE. N. LOGAN LEYEN, St. Paul, Minn.—I would like to record my experiences 
with congenital atresia of the esophagus with tracheoesophageal fistula. 

Since 1939, when we had the first successful multiple-stage operation in one of these 
cases, we have seen forty-two patients with congenital atresia of the esophagus. Of that 
group there were only three in which no operation was performed. Surgery was refused 
by the parents of one, one died in the admitting room, and one died twelve hours after 
admission before any surgery could be carried out. 

There were four in which gastrostomy was done as a first procedure. These all died 
before completion of other procedures. 'We now know that the primary operation should be 
within the chest on the fistula, and the gastrostomy, if necessary, may be done as a sec¬ 
ondary procedure. There were seventeen patients in which ligation or division of the 
tracheoesophageal fistula was carried out and the upper blind pouch exteriorized and a 
gastrostomy performed. Of that group, eleven survived. However, one of these died at the. 
age of 3 years because a gastrostomy tube of large cnliber was inserted too far and a per¬ 
foration of the stomach occurred that was undetected in time for surgery. 

"We were encouraged by Dr. Haight’s first successful primary anastomosis and at¬ 
tempted this procedure. Our first four operations were unsuccessful The first one was 
overhydrated with too much saline, and like others we have learned to keep these patients 
on the dry side. The next three anastomoses leaked, and the tracheoesophageal fistula was 
reestablished. Since these three cases, we have not encountered this complication of re¬ 
establishment of the tracheoesophageal fistula. 

Of eighteen patients in which primary anastomosis was carried out, eleven have sur¬ 
vived. If we analyze the cases in the past two years, the results have improved considerably. 
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Twenty-ono cases were seen. In two no oj>orutJon \wu* performed. In five the multiple- 
stage operation was curried out. Four of these jmtienta are alive nml well. 

There were fourteen primary nnnMomoi-ea with tvrclvo aurco>-hfu\ nmudoumses, How¬ 
ever, one of these twelve died three month* after leaving the hospital of a respiratory in¬ 
fection. This patient hail multiph* anonmlies in achlitiun to the congenital atresia of the 
esophagus. 

I have nuver encountered a jmticut whero there was a tdrieture at a point in tho 
esophagus lower than the site of the fistula. This finding is most interesting. I liavo always 
jmssed a catheter into the stomurli when 1 have dene an I'nnstomo/m. In all of these cases 
a right-i«iileil extrapleural approach was mTricd out. I believe that with the extrapleural 
approach the complications uro less severe If there is a h-uknge at the site of anastomosis. 
In our department at the I'niveraity of AfiiinoHiln Hr. Vnrro also has n 100 per cont 
record, having operated on two patients with two successful results. 

DR. LAWRENCE AI. SHEETS, San Antonio. Texns—I would like to procerit a cn>c 
to Illustrate Wane of the technical points that woie mentioned concerning carcinonm at 
tho level of the arch of the aorta. The case is tlmt of a CT-year old man who complained 
of dysplingin. Barium swallow revealed tluit the constriction was ut the level of the arch of 
the aorta. 

Esoplingaseopv revealed that tho ulcerating mass started slightly almvo tho su{>crior 
bonier of tho arch of tho aorta. Considering the length of tho constriction as reen on the 
hnrinm swallow, it was evident that with the tumor starting at tho sujierior larder of tho 
aortic arch it extended for quite a distance in length along the esophagus. Bronchoscopy 
revealed that tho loft main-stem bronchus wna pushed slightly forward and slightly to the 
right The question arose as to whether or not tho left main-stem bronchus was involved 
ia tho carcinoma. 

In planning an attack on the carcinoma, it was decided that if tho left main-stem 
bronchus woro Involved and tho tumor did not invade tho hilar vessels, a left total pneumonec¬ 
tomy would bo dono along with tho nece>aary surgery on tho esophagus. 

Fortunately, upon opening tho chest, the bronchus camo very cleanly of! tho tumor. 
In mobilizing tho tumor, tho drat right intercostal artery was tom out of tho arch of the 
aorta. (If ono runs into that complication, It can be handled as it wna in this co*o by tying 
off tho first two loft intercostal* and rotating the nrch with tho finger on tho torn point so 
tlint ono can reach it to suture it.) The mediastinal pleura wna then opened above and below 
the aortic arch and the cnitre CTNOplingua was mobilized, the dfnphragm was ojamed, a clamp 
\rns placed across the upper end of tho stomach just distal to tho cardloesophageal junction, 
and tho esophagus was disconnected from tho stomach ami brought out over tho aortic 
arch. Tho upper end of tho csopliagus was transected ulwvo tho tumor, tho stomach mobilized 
as lias been demonstrated, and anastomosis made anterior to tho aortic arch. 

In making tho anastomosis a circular piece of tissue was removed from the stomach. 
In spite of this, a very definite stricture resulted which 1ms required considerable dilatation. 
I am posltlre tlmt If wo lmd used the technique which Dr. DcBnkcy described, wo would 
not have, had this complication. Dr. DoBakoy^ informed me, after he finished his talk, tlmt 
since using that particular technique he demonstrated to you in thoso cases that have gone long 
enough to ascertain whether or not thoro would bo a possible stenosis, thoro has been no 
stenosis. 

. The first lantern slide shows tho typical Irregularities noted on barium swnllow. 

Tho next lantern slido is a photograph of tho specimen nml tho considerable longtli 
of tho esophagus which is involved can bo readily seen. 

The next is a lantern sllda with a bnrinm fill-up of the stomach showing tho area 
of anastomosis with tho stomach outlined well up above tho aortic arch. 

Tho last lantern slido is a photograph of tho patient, who is doing quito wolL 

DR. ALFRED GOLDMAN, Los Angeles, Calif.—I want to tako n moment to show a 
dido and briefly discuss a care tlmt may illustrate tho reason why the diagnosis of an esoph¬ 
ageal stricture may bo made when thoro is no real stricture. 
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(Slide.) This is a slide, post mortem, of a baby 5 days old, operated on and dying 
twenty hours after operation. The death was caused by bilateral pneumonia, which the babv 
had had two days before the operation. 

This slide shows the site of the anastomosis, the operation having been done under 
a general intratracheal anesthesia. The technique used is that of Gross, using several bites 
with each suture, tying one over the other to invert the muscularis and thereby bring about 
the approximation of the mucosa. 

The ligated esophageal tracheal listula is here. It was very difficult to get a catheter 
all the way in the stomach, and I did not know the reason for that until post mortem. 

At this point the esophageal-gastric junction, one sees a very marked thickening in the 
muscle in the wall of the tube of the lower segment. This muscular hypertrophy is com¬ 
parable to pyloric stenosis. 

I think muscular hypertrophy explains the difficulties in demonstrating the patency 
of the lower segment, and possibly misdiagnosing it as a stricture. 

DR. FRANCIS R. X. BYRON, Ann Arbor, Mich.—I would like to say a few words 
about those cases with marked hypoplasia of the lower esophageal segment, or with an 
agenesis of this segment in which the x-ray shows an absence of air in the stomach. I 
think one is justified in making the presumptive diagnosis of agenesis, and when one com¬ 
bines the x-ray finding with a tracheostomy which shows no fistula between the lower 
segment and the trachea, one then is justified, I believe, in assuming that the extrapleural 
direct anastomosis wiU not be feasible, and that, therefore, a left intrapleural operation and 
esophagogastrostomy is advisable. 

(Slide.) This is a slide that Dr. Haight very kindly loaned to me. There were ten 
cases in the series at the University' of Michigan Hospital in which there was no air in the 
stomach. Of those, the anatomic defect was proved by operation or autopsy in nine cases. 
In two of these direct anastomosis of the esophageal segments was possible. In these 
cases, in spite of the fact that there was no air in the stomach, tracheoesophageal fistula 
■ present, and I think that tracheoscopy is essential to eliminate this possibility. 

(Slide.) This baby was admitted at 4 days of age, weighing 5(4 pounds. There was 
no air whatever in his stomach. We elected to do a left transpleural operation. 

The upper esophageal segment ended just at the arch of the aorta. It was not mobilized. 
However, the stomach mobilized readily to reach the level of the aortic arch, so that anasto¬ 
mosis could be made without tension. It does show that the stomach will rise, even in 
the newborn infant who has never had anything in the stomach. 

This is the line of the anastomosis showing excellent healing. This baby lived six days 
and, to our great disappointment, died late one night. He had had attacks of cyanosis dur¬ 
ing the postoperative course, and during one of these, the nurse was unable to resuscitate 
him. The autopsy six day's later showed no intrnthoraeic complications. The anastomosis 
was nicely healed. What had brought about the baby’s death was hypoplasia of both 
pulmonary arteries with a huge patent ductus arteriosis. 

I show this case because it does demonstrate that technically, the operation of esophageal 
gastrostomy in newborn infants is not only feasible but that that operation is technically much 
easier than we had anticipated. 

DR. W. A. HUDSON, Detroit, Mich.—This is a report on a case that has been re¬ 
ported before this organization previously. It is now approximately eight and one-half 
years since the patient was operated upon for an extensive carcinoma of the upper third of 
the esophagus involving also the larynx and upper portion of the trachea. 

There was complete resection of the larynx and the first two rings of the trachea, to¬ 
gether with the upper third of the esophagus. No attempt was made to reestablish the 
continuity of the digestive tract. The distal end of the esophagus was attached to the 
prevertebral fascia in the low cervical region, and the patient has fed herself through a 
stomach tube passed into the distal portion of the esophagus. She is still alive, and is en¬ 
joying good health in spite of the fact that she has been without a larynx or upper third of 
the esophagus. She travels freely and extensively. 
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DR. EARLE B. KAY, Clcvclnm], Ohio.-—I would like to discuss briefly the possible 
advantages of making a tula* out of the greater curvature of tho stomach for high 
lesions of the upper tlioraeie esophagus. 

I havo had five subtotal osophugeetomies where 1 employed a gastric tubo fashioned 
from tho greater curvuturo of the htonmeh. To obtain i>utll*;ient mobilization of tho stomach 
in high esophagogastric anastomoses it in necessary to lignto the left gastric artery. This 
supplies the greater portion of the lesser curvature of the stomach. By utilizing tho 
greater curvature half of tho stomach in the formation of u tula’, tho lesser curvnturo half 
(that jjortion devitalized by liguting tho left gastric orrery) ns well os ull of the lymph 
gland-bearing ana in this region can l*e remove*!. Tidy is n frequent site for metostnscs. 
Such n tube will uhually reach higher than when tho entire stomach is employed. Further¬ 
more, it am l>o placed in the old 1 ‘sophogeul bed underneath the aortic nrch. This con¬ 
tributes to loss tension on a new anastomosis than when the stomach or gastric tube is 
brought nround the lateral surfuce of the aortic nrch. There in also less tendency to inter¬ 
fere with respiratory function. 1 would like to inquire uh to the type Dr. Striedcr employed. 

DR. ROBERT It. SHAW, Dallas, Texns. I wool 1 like to add a short word a!>out ennes 
of atresia of the csoplmgus with or without fistula that do not have air in the stomach. 

I agree tluit this usually means a very at reair lower end of the esophagus. However, 
yesterday morning my associate. Dr. Paulson, operated on one uf these patients, and much 
to Ids surprise found there was no tracheal fistula, but tliat the esophagus was intact oil tho 
way except for the atresle urea, so that it was a very simple matter to open up tho esophagus 
nt tho point of the atresia and reunnstomose the lumen. 

I think, however, if n jterstm encounters a case iu which there is no air in the stomach 
or intestines, that it would be wise to make the left-sided approach, oven though, in my 
experience, tho right-sided approach is best for most cores, iKvnuso this would allow tho 
use of tho esophageal gastrostomy technique in care tho lower end was atreslc. 

DR. JOHN \V. 8TIUEDER, Beaton, Maas.—With regard to gastric dilatation following 
tbeao operations, in tho rescctnblo cases it has not been nn outstanding problem with us. 
However, in some of the inoperable cases, whore both vug! have been divided, we havo luxd 
troublesome dilntation of tho stomach. 

Tho remarks of Dr. Adams and Dr. Sweet relative to the roection of tho node- 
bearing areas were, of course, well made. X ncglectod to say that in these resections wo havo 
attempted moticulous dissection of tho nodes above and below tho diuphrugm, tho port* 
esophageal nodes and the nodes in the region of tho cellar axis. 1 wish to nmko it clear 
that low esophageal cancers uro treated like high gastric rancors, namely, with a wide xono 
of gastric resection. 

Regarding the broncltinl occlusion which Dr. Kuy mentioned, nil four of our cases 
seemed to bo definitely duo to post-traumatic induration of tho bronchus, tho tumor having 
been taken from tho region of tho stem bronchus, and the endoscopic and x-rny findings wore 
such tlrnt it seemed unlikely that it could bo due to pressure from dilntntion of tho stomach. 
In one autopsled caso it was proved not to ho due to gastric dilatation. 

X neglected to montion, in reporting tho pntient operated on twice, thut, to oar mingled 
feelings of delight and chagrin, a careful histopathologicul inspection showed no cvidenco 
of residual tumor cells. 
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BRONCHOSGOPIC AND ESOPHAGOSCOPIC CINEMATOGRAPHY 

Paul H. Holinger, M.D., George C. Anison, M.D. (by invitation ) l and 
Kenneth C. Johnston, M.D. (by invitation) 

Chicago, III. 

T ELE primary value of taking endoscopic motion pictures is to record the 
view seen by the endoscopist as he explores the air or ’food passages and 
to reproduce it on the screen. Each landmark may be identified in turn before 
proceeding to advance or withdraw the endoscope. The motion pictures show 
the endoscopic anatomy and the pathology of the passages; the endoscopic ap¬ 
pearance of inflammatory processes, tumors, and foreign bodies also can be 
shown. Pictures have been made which demonstrate the endoscopic techniques 
used to remove foreign bodies from the air and food passages, the forceps 
being shown as they actually grasp the coin, tack, button or other foreign 
body as it is removed. Motion pictures make it possible to demonstrate the 
living appearance of the air passages with the characteristic changes caused 
by normal breathing and the pulsations produced by the heart and near-by 
large blood vessels. These nomial movements are also visualized as they 
occur in the esophagus. Such normal motility of the structures plays an im¬ 
portant part in diagnostic techniques, especially in the air passages, since lack 
of them may indicate and help identify certain abnormal conditions. Motion 
pictures help the specialist give students and physicians a working knowledge 
of endoscopic techniques; knowledge far more complete than that obtained by 
occasionally looking down an endoscope in the bronclioscopic operating room. 
A realistic sense of perspective is usually seen in endoscopic motion pictures 
because of the constantly moving lumen which appears to tip at an angle to 
the endoscope axis. The procedure of scanning the field, showing successive 
landmarks each in turn, also contributes to this simulated stereoscopic effect. 

description op camera 

The new endoscopic motion picture camera is similar in some respects 
to a type previously constructed. 1 ' 4 The light-source, focusing telescope, and 
camera are combined in one unit (Fig. 1). 'An attaching clamp at the front 
of the unit permits the instant attachment or detachment of any of several 
endoscopes or light-reflecting tubes used to photograph the various areas. A 
heated removable glass slide placed immediately behind the attaching clamp 
shields the optical parts as the patient breathes or couglis. The apparatus is 
held by a built-in handle when photographing through the endoscopes, or sup¬ 
ported on a tripod for mirror photography of the larynx. The camera is 
started and stopped by a trigger lever in the handle which also automatically 
raises the lamp voltage to the proper color-temperature while the camera is 
running. The plane of sharp focus at the object is adjustable and may be 

it the Twenty-seventh Annual Meeting of The American Association for Thoracic 
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placed at any position from !) to 2G*/a inches from the attaching damp. The 
telescope and camera are focused simultaneously by u knob on the left side of 
the housing. The telescope shows an exact duplicate of the film image during 
finding and focusing as well ns while tho camera is running. A slot permits 
the insertion of a supplementary lens for photography of the eardrum at a 
relatively high magnification. 

The following description deals with each portion of the camera separately, 
to show the basic design and theory underlying its operation. 

Endoscopes .—Tho mast obvious choiee of open-tube endoscope for photog¬ 
raphy is one which is blackened on the inside to prevent stray light from fog- 
giug the picture, or to prevent reflections from the wall of the scope from 
being included in the picture. However, experience has shown that it Ls neces¬ 
sary to use endoscopes whose inner'surfaces nre brightly polished and nickel- 
plated if sufficient light Ls to he obtained on the photographic field for taking 
lCodachrome color pictures. Endoscopes polished on flic inside will produce 
several times the light intensity passible with lionrclleetiug endoscopes. In a 
properly designed camera and endoscope, the reflections cause no serious trouble 
if the finished film Ls masked with a circular mask to show only the circular 
field which is visualized through the endoscope. The inner surfneo of the 
endoscope near tho tip Ls threaded for a distance of one-lmlf inch which pre¬ 
vents photographing tho reflections from this portion of inner surface of the 
scopes. The out-o£-foeus images reflected from the remainder of tho inner 
surfaco are almost completely eliminated by the masking which is described 
below. 

Tho same ondoscope is used both as a bronchoscope and csoplmgoseopo 
(Pig. 2). It is 1G inches (41 cm.) total length with tho free working distance 
of 11 inches (28 cm.) from tho upper teeth. Since tho camera lens can be 
adjusted to photograph at least four inches (10 cm.) beyond the ondoseopo 
tip, tho total maximum effective free working distance is about 15 inches (38 
cm.) for the bronchoscope. 

Tlio laryngoscopes uro 21/; inches shorter than the bronchoscopes, having 
8% inches (21 cm.) free working length. This length is more than is neces¬ 
sary for photographing the larynx, but the requirements of tho bronchoscopic 
length determined tho foeusing range of the lens; this focusing rango -requires 
that tho laryngoscopes he longer than normal. The camera focus can bo ad¬ 
justed to any point up to G 1 /, iuciies (1G.5 cm.) beyond the laryngoscope tip. 
Tho shorter laryngoscope permits larger pictm-os on the film than can be made 
through a tubo of bronchoscopic length. 

The bronchoscope, small laryngoscope, and esophagascopo arc designed to 
take advantage of a larger diamolor of the scope at the upper teeth than that 
needed to permit introduction into tho esophagus or through the larynx. The 
slightly tapered portion shown inei-eases tho light at the tip, compressing tho 
light received to a smallor circle so that sufficient light is obtained at the tip 
of the scopo in spite of its small diameter. Each light ray entering the seopo 
at the large end of the gradual tapor is reflected several times Ixjforo reaching 
the tip. The steep taper near tho attaching flange contributes comparatively 
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little to the total light; it is used to gather the complete cone of rays from the 
full diameter of the light source. 

The endoscopes are heated briefly in the sterilizer just before use, so that 
moisture from the air passing through them "will not condense on the inside 
bright surface. If any considerable part of the inner surface becomes covered 
with droplets of moisture, the light reaching the tip is reduced, and under¬ 
exposure of the color film results. 

The endoscopes have a knurled ring immediately in front of the attach¬ 
ing flange, by which they can be held while they are inserted in the recess of 
the attaching clamp before the clamp is closed. When re-attacking the camera 
after removing secretions from the field, tire ring allows proper alignment of 
the scope flange, and quick attachment to the camera. A small raised metal 
knob on each scope indicates the direction of the tip visually or by palpation. 

Attaching Clamp .—The attaching clamp permits instant attachment or 
detachment of any of several endoscopes or light-reflecting tubes. The clamp 
makes a solid mechanical connection between the endoscopes and camera unit. 
The endoscope axis is aligned accurately with the camera axis so that the 
image of the endoscope tip comes in the center of the camera film aperture, 
and is approximately centered in the mask opening. 

Glass Slide .—A heated glass slide is used immediately behind the attach¬ 
ing clamp to shield the optical parts of the camera from gross soiling or con¬ 
densed moisture. A rectangular opening at one side of the front face of the 
glass slide allows passage of air through the endoscope to permit the patient to 
breathe freely when the bronchoscope or direct laryngoscope is used. The 
glass is optically flat and introduces no aberration into the film image. It is 
placed at an angle of five degrees to avoid reflections. After the initial heating 
of the slide, the heat absorbed continuously from the camera lamp bulb keeps 
the slide warm enough to avoid fogging. 

Illuminating System .—An airplane headlight (landing light) bulb is used 
as the light source in this camera. It was chosen because its two compact 
filament coils occupy a very small space about 5 mm. square, and because this 
lamp can be operated on its side instead of in an upright position. The tech¬ 
nical description of this airplane tungsten filament lamp is: 240 watt, 12 volt, 
20 ampere; medium prefocus base; C-2 type filament; A-19 bulb (2% inches 
in diameter); total lamp length 4% inches. 

- The light from this lamp is directed onto the main axis of the camera by 
means of two condenser lenses and a plane mirror set across the axis at 45 
degrees (Fig. 3). The object image returns through a hole in this mirror. 
A spherical mirror belund the lamp increases the light level and produces more 
even illumination. An enlarged image of the lamp filament is projected to a 
plane about 5 inches ahead of the attaching clamp. This is the optimum dis¬ 
tance in order to produce the maximum light level through the endoscopes and 
light-reflecting tubes. 

A heat-absorbing glass is used between the condenser lenses to absorb 
excess heat from the lamp. This is necessary because the heat reaching the 
tip of the endoscope is slightly greater than the mucosal surfaces can tolerate 
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with safety. An additional lient-ubsorbing gloss is used in the car-speculum 
attachment to reduce the heat still further when photographing the eardrum. 
This second heat-absorbing glass 1ms a hole in the center so that the light to 
the camera lens does not traverse tlio glass. Both bent-absorbing glasses are of 
the new high efficiency type recently announced by the American Optical Com¬ 
pany; the glass is nearly colorless and absorbs little light. 



FIS. 1.—Left able view of 
<t, Jlronchwcopu 
b. Attaching clHinp 
o. Opening for breathing 
d, cUum ,hde 
e t Lnrap hoUMQ 

/. Slot for supplementary len* 
a, HandJo 
«» Triggor 
’> Focuxlng knob 


the euinrm unit with tho broncliottcopo attached. 

J, Housing for optical *y*tcm 
k. Focus Indicator 
/. Telescope 
m, Byo pieco 
H, K atop adjusting knob 
o. Masking device 

V> Hell and Howell autoload 16mm. magu- 
xlne camera 


The luaip is operated at 12 volts while iimling and foensing, and is raised 
automatically to 14i/_> volts while tho pictures arc being taken by means of a 
relay operated by the camera trigger. This produces light of approximately 
3450K, the correct color-temperature for type A Kodachromo film. The 
estimated life of the airplane lamp at 12 volts is nlront 50 to 100 hours. When 
operated at 14'/> volts, tho life is about, thirty minutes actual filming time, 
which pormits approximately 750 feet (15 magazines) of film to he taken with 
one lamp. 

A light intensity of about 160 candles-pcr-square-foot is obtained at the 
endoscope tip when the lamp is operating at 14y 3 volts. This corresponds to 
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plane in the object space. The supplementary lens simply shifts both planes of 
sharp focus a certain distance toward the attaching clamp. With the supple¬ 
mentary lens, the focusing action is basically the same as with the regular endo¬ 
scopes, but through a shorter distance. 



Focusing Telescopes .—The focusing telescope is an extremely important 
part of the camera. By means of the telescope, the field at the endoscope tip 
is constantly under visual supervision, allowing safe manipulation of the endo¬ 
scope in order to reach the desired field for photography, or for observation 
of the field while the endoscope is advanced or withdrawn while filming. The 
telescope enables the plane of sharp focus for the camera to be placed at any 
distance beyond the endoscope tip; the plane of sharp focus may be changed 
while the camera is running. The field is seen at all times, while filming as 
well as before and after taking the pictures. Experience has shown that the 
mucosal surfaces of low contrast can be focused upon more accurately by using 
the aerial image and therefore no ground glass is used at the eye-piece focal 
plane. The telescope is adjusted to produce correct focus for the camera when 
the eye is relaxed and focused upon infinity—similar to looking into a micro¬ 
scope. The eye-point is far enough away from the eyecap to permit the opera¬ 
tor to wear glasses. The camera is designed for a right-handed person, and 
for the right eye at the telescope. 

The image in the telescope eyepiece is erect and correct from side to side, 
the same as though the operator were looking directly into an endoscope. The 
ontical system must provide this correct image, since an inverted or transposed 
imaae introduces serious risk of trauma when the endoscope is manipulated. 









HOLt.VGER, ET AL.: URONCItOSCOl'IC AND KSOl’IIAdOSCOPlC CINEMATOGRAPHY 185 

The total magnification of the field as seen in the telescope eyepiece is 
nhout five times for the endoscopes, and about ten times for the supplementary 
lens distance. 

A focus indicator is provided in u window at tile side of the main housing 
to show the position of the plane of sharp focus uheud of the attaching clamp. 
The indicator may lie moved by the focusing knob to the position marked on 
the scale corresponding to the endoscoiie used. The pro-setting method by 
means of the indicator is sure and rapid. 



FiC. G.—Interior of the lens Ivoiulnf? viewed from the rlsht fcldo, showing the mechanical 
nmincement of the paired lenses and the tulcscope. 

Camera Film-Box und Photographic Leas .—The motion picture camera box 
is a Bell and Howel Auto Load. It is permanently attached to the main housing 
of the endoscopic cumera. The release button is operated by tho trigger in tho 
handle. Tho Auto Load camera uses 1G nun. typo A Kodackrome film in 50 
fool-pre-thrcaded magazines aud runs about 12Va feot at oue winding. This 
corresponds to 31 seconds of filming time at 16 frames per second. AVhile tho 
normal shutter speed of this camera is 1/43 second at 16 frames per second, tho 
shuttor blade opening was increased to allow the light from tho lens to remain 
on the film for a longer period of time, permitting the use of a slightly smaller 
f. stop. Tho now shuttor speed is 1/34 second. This change is possible because 
the film image is limited to a circle 0.250 inch in diameter. 

The camera model chosen provides for the choice of 8, 16, 24, or 32 frames 
per second. For bronchoscopic and csophagoscopic photography a speed of 16 
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flames per second is used at f. 5.6 to f. 6.3. For photography through the 
laryngoscope a speed of 24 frames per second is used at f. 6.3 to f. 8. The 
speed of 24 frames per second slows the action of the vocal cords so that their 
movements seem smoother and more normal in the finished picture. 

A special masking device is built into the left side of the camera film box 
in order to mask off the out-of-foeus images reflected from the inside of the 
endoscopes. The mask is a metal strip with a series of four holes of graduated 
sizes corresponding to the film image diameter of the various endoscope tips. 
The largest opening is 0.250 in diameter. The strip is moved by a small knob 
and the hole selected is centered automatically in the film aperture by a roller 
which drops into detent notches in the mask strip. The mask is 0.250 inch ahead 
of the film, and it masks fairly close to the circular film image with only a 
small margin of the endoscope wall visible in the finished picture. Without such 
a mask, the bright out-of-foeus images reflected from the inside of the endo¬ 
scopes would distract attention from the circular field of view. With the ear- 
speculum it is possible to mask down to the exact diameter of the speculum tip. 

As previously stated, the camera lens is a 90 mm. focal length f. 4.5 anastig- 
mat type. The maximum usable aperture is f. 5.6. The f. stop is adjusted by a 
knob at the rear of the main housing, and stops of 5.6, 6.8, 8, 9.5, 11, 13.6 
are provided (one-half stop intervals). The maximum circle' of confusion on 
the fi l m , due to aberrations of the lens, is less than 0.001 inch at the film plane. 
This is entirely adequate for the best quality motion picture photography on 
16 mm. Kodachi'ome film, and is the accepted standard for the best lenses 
used -with 16 mm. cameras. 

Depth of Field .—The depth of field (sometimes called depth of focus) at 
the object plane of sharp focus, is about plus or minus 0.25 inch for a reason¬ 
ably sharp image. This is for a maximum circle of confusion on the film of 
0.004 inch. Theoretically it is possible to show details which are imaged as 
small as 0.001 inch at the film plane, but 0.002 inch is a good working value 
for best results. Due to the motion of the screen image, occasional short 
scenes very slightly out of focus detract little from the general effect. The 
depth o'f field values given are adequate and the out-of-focus parts of the image 
serve to orient the sharp part of the field. 

The image on the screen appears slightly enlarged above life size when 
the pictiu-es are projected. For most of the endoscopic areas the enlargement 
is about 1.6 life size. This enlargement is based upon the included angle which 
the image occupies at the eye of the observer. Bronchoscopic pictures are 40 
per cent of the screen height, and the large laryngoseopic pictures are 60 per 
cent. Mirror pictures of the larynx are about 90 per cent of the full height. 

Camera, Handle .—The camera handle is notched to provide a comfortable 
and secure grip. The index finger is free to operate the trigger camera release. 
The handle is located so that the center of gravity of the camera is balanced 
over the hand when the camera axis is tipped forward to 25 degrees from the 
horizontal—the approximate angle of the endoscope when the patient is in 
the recumbent position for direct peroral endoscopy. A threaded hole for a 
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tripod is located in tho bottom of the handle to support the camera while taking 
mirror pictures of the larynx or for taking pictures at the supplementary 
distance. 

TKCIINIQUK 

The endoscopes are heated to slightly above body temperaturo by an elec¬ 
tric heating pad or by a brief immersion in tho sterilizer just before tise. They 
should bo thoroughly dried and tlioir inner surfaces polished. Condensed 
moisture on the inner surface of the endoscope would rcduco the rellection of 
photographic light from the lamp. Tho glass slide for the camera is heated 
for about one minute in tho top of the lamp-house; the hot from the lamp 
keeps it warm after it is inserted in the camera slot. A spare glass slide is 
available should the slide in the camera become sputtered if the patient coughs. 

The endoscopes may Ik? introduced into the patient with the camera at¬ 
tached, since the lamp and toleseopo give full visualization of the field at tho 
endoseopo tip. The quick-acting attaching damp for the endoscopes provides 
instantaneous release of the camera for aspiration of secretions by suction 
tube if necessary. In order to observe the endoscopic field when tho camera is 
detached, a light carrier from a standard bronchoscope of proper length is 
placed in the endoscope. Light-carrier canals and suction tubes are not built 
into tho endoscopes since they would encroach upon the circular field and de¬ 
tract from the appearance of the finished film. 

While the endoscope is being introduced the plane of sharp focus is set 
just beyond tho endoseopo tip. The moving field is photographed to demon¬ 
strate the landmarks seen during the introduction of the various instruments. 
Tho piano of sharp focus is then set at a suitable distance ahead of the endo¬ 
scope tip, and the endoscope slowly advanced or withdrawn with the camera 
running, in order to show the moving field ns seen during an endoscopic exam¬ 
ination. In this way, it is possible to tnkc a scries of scenes fully recording 
a bronchoseopic examination. 

Tho location of lesions or obstructions in either main bronchus is easily 
demonstrated by first photographing the corynu and then proceeding down the 
bronchus to visualizo the actual pathology and its position in relation to the 
principal bronchial orifices. For orientation in showing esophageal pathology, 
(he scene begins with the introduction of tho seopo through tho cricopharyngous 
and into tho open lumen of the esophagus. Tho actual lesion is thou photo¬ 
graphed; a return to the normal lumen completes tho scene. 

CONCLUSIONS 

A review of tho foregoing discussion and of tho camera description indi¬ 
cates that motion picture photography through tho laryngoscopo, bronchoscope, 
and esophagoscope cannot bo done satisfactorily by purchasing an “attach¬ 
ment” for a motion picturo camera. In fact, an examination of the equipment 
described in this article will show that the endoscopic motion picture camera 
consists of a rather complex optical apparatus which combines the light-source, 
camera lens, and focusing tolescope in one unit, and tho “motion picture 
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ESOPHAGEAL HIATAL HERNIAS OF THE SHORT ESOPHAGUS 
TYPE: ETIOLOGIC AND THERAPEUTIC CONSIDERATIONS 


ARTHUR J[. Ol.SKX, M.D., anu Stuaiit \V. IIahiunqton, JI.D. 
Rociirstek, Minn. 

H ERNLVTION of the stomach through the esophageal hiatus of tho dia¬ 
phragm lias been a subject of great interest in recent years. Improve¬ 
ments in roentgenogruphie methods have enubied the roentgenologist to recog¬ 
nize this condition with increasing frequency. Although the clinician has 
become conscious of the frequeut oeeurreneo of hiutul hernia and is familiar 
with the symptom complex which suggests this condition, it remains for the 
roentgenologist actually to demonstrate the presence of hernia. 

In 1926, Akerlund 1 classified esophugeal hiatal heruius into three types 
(Fig. 1). In tho first type, the esophagus is of normal length and its lower 
end is not elevated aliove the diaphragm, but a portion of tho stomach has 
hemiuted into the posterior mediastinum beside the esophagus. This type 
has been culled “the para esophageal hiatal hernia” and is tho least common 
of the three types. In the second tyim of hernia, the esophagus is of normul 
length lmt is elevated above tho level of the diaphragm and a portion of the 
stomach is herniated into the posterior mediastinum. This type is by far 
the most common form of hiatal herniu and frequently is called the “sliding 
or gastroesophageal type.” Actually, the distinction between these fust two 
types of esophageal hiatal hernia is a matter of academic interest only. The 
mechanism of their origin differs little and the typo of herniation encountered 
is frequently u mutter of degree; the parn-csophagcul hernias frequently pro¬ 
gress to form sliding hernias. 1 Likewise, their management is identical, us both 
types arc amenable to a satisfactory surgical repair. 

The third type of lieruin. is the short esophagus with purtial thoracic 
stomach. There is somo question ns to whether this condition should ho con¬ 
sidered a truo hiutul hernia. Be that as it may, it is extremely important that 
tho hernia which is associated with a short esophagus bo differentiated from 
the esophageal hiatal herniu which is associated with an esophagus of normal 
length. Tho management of the two eouditions is entirely different, as surgical 
replacement of the thoracic portion of the stomach into tho abdomen can 
hardly bo accomplished by usual surgical methods when the esophagus is 
short. 

The present paper concerns our experience in 220 cases of patients with 
short esophagus with partial thoracic stomach who have been seen at the 
Mayo Clinic in tho past oleven years (1935 through 1945). As will be readily 
apparent, hernia of the short esophagus typo presents problems different from 
those of the usual hiutal hernia. It is of interest that tho patients with short 
esophagus comprise approximately 10 per cent of the total number of patients 
with hiatal hernia seen in this period. 

Read at the Twenty-Seventh Annual Meeting of The American A**oclatlon of Thornrfp 
Surgery. SL Loul*. Ho, May 23, 13. and 30. 1917. clc 

From tlie Division* of Medicine and Surgery, Mayo Clinic, Rochester, Mlnm 
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PRESENTATION OF DATA 

The diagnosis of short esophagus with partial thoracic stomach was made 
on the basis of roentgenographic findings, esophagoscopie examination, and, 
in many eases, histologic study of tissue removed at esophagoscopie examina¬ 
tion. In many instances the roentgenologic evidence of short esophagus with 
partial thoracic stomach was indisputable. In 149 of the 220 cases (68 pel 
cent), the diagnosis was confirmed or established by esophagoscopie examina¬ 
tion. Difficulty in the differential diagnosis between stricture of the esopha¬ 
gus with and without a partial thoracic stomach was encountered in some 
eases. In questionable cases, biopsy of the mucosa just below the stricture 
was taken at esophagoscopie examination for identification of the mueosa. 
In fifty-two eases of such character, gastric mucosa was recognized at histologic 
examination. All eases of esophageal stricture of doubtful etiology were ex¬ 
cluded from the group. 



Fig-. 1.—Three types of esophageal hiatal hernia; a, para-esophageal; b, sliding; o, short 

esophagus type. 


AGE, SEX, AND OBESITY 

Of the 220, 141 (64 per cent) were male and seventy-nine (36 per cent) 
were female patients. The age of the patients is indicated in Pig. 2. The 
great majority of patients were in the older age group. In this entire series, 
115 patients (52 per cent) were obese at the time of examination or had been 
obese prior to the development of symptoms of obstruction. On the other 
hand, twenty-four (11 per cent) were greatly undernourished. These latter 
also had esophageal obstruction. 

SYMPTOMS 

The symptoms of esophageal hiatal hernia are many and diverse. Symp¬ 
toms may be absent or may be severe and disabling. These symptoms may 
resemble those of any other digestive disturbance or they may present a pattern 
which suggests the presence of hiatal hernia to the examining physician. Thus, 
epigastric and substemal distress, which occurs after meals and which is in¬ 
tensified when the patient assumes the recumbent position suggests the possi¬ 
bility of hiatal hernia. The distress may be a full feeling, a burning sensation, 
or pain. It may be referred around the costal margins, into the left side of the 
thorax, to the scapula, to the neck or arms. The syndrome may simulate the 
symptom complex of duodenal ulcer, disease of the gall bladder, functional 
digestive disturbance, intestinal obstruction, or disease of the coronary arteries. 
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The symptoms of hiatal hernia may bo primarily abdominal or thoracic. 
It is often impossible to distinguish tho symptoms of the short esophagus with 
partial thoracic stomach from those of the paraesophageal or sliding typo of 
hernia. Symptoms referable to the abdomen are much tho same in both groups 
of coses. However, the symptoms arising front the esophagus nro particularly 
significant in eases of short esophagus and lmvo been tabulated in tho 220 
eases studied in this series (Table T). 


70 


Short esophagus with intpathoracic stomach 

220 patients 
Males I4i 
Females 79 


60 h 
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The frequent occurrence of dysphagia is noteworthy. Of the 220 patients, 
165 (75 per cent) complained of obstruction to tho passage of food on swal¬ 
lowing. In 154 of these patients an actual obstruction was demonstrated, 
either at esopliagoscopic examination or when sounds wore passed over a pre¬ 
viously swallowed thread. It is of interest that in seventy-six patients, the 
dysphagia was intermittent or the symptoms of obstruction varied in degree. 
This observation certainly indicates that spasm of the esophagus plays a defl¬ 
ate part in tho dysphagia associated with the short esophagus in many eas es. 
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Table I, Symptoms Referable to Esophagus in 220 Cases in Series* 


SYMPTOM 

NUMBER 

CASES 

1 PER CENT 

Obstruction to swallowing 

165 

75 

Substernal distress 

71 

32 

Esophageal pain 

20 

9 

Hemorrhage 

18 

8 

No esophageal symptoms 

17 

8 


•More than one symptom in many cases. 


The complaint of substernal burning or distress was noted in seventy-one 
cases. This symptom was frequently described on the charts as “sour belch¬ 
ing” or “acid regurgitation,” and patients complained of the burning sensa¬ 
tion most often after going to bed. Actual substernal pain was described by 
twenty patients in the series. In some instances the pain was referred to the 
neck, shoulders, or arms and had to be distinguished from the pain of cardiac 
disease. Eighteen patients who did not give any evidence of duodenal or 
gastric ulcer had had gross hemorrhages. Adequate explanation for hemor¬ 
rhage from the esophagus usually could be demonstrated at esophagoscopic 
examination. 


ROENTGENOLOGIC DIAGNOSIS 

The technique of performing roentgenoscopie examination of the esophagus 
and stomach in eases o| esophageal hiatal hernia has been described by Harring¬ 
ton and Kirklin. 3 The roentgenologic diagnosis of hiatal hernia is exceedingly 
accurate and is indispensable to the recognition of this condition. In the ease 
of the short esophagus with partial thoracic stomach, special problems are 
introduced because of the frequency of stenosis of the lower part of the esopha¬ 
gus or associated esophageal spasm. In a number of instances the roentgenolo¬ 
gist has requested an esophagoscopic examination to clarify the situation. How¬ 
ever, the roentgenologist is able to demonstrate the gastric rugae iu the supra¬ 
diaphragmatic portion of .the stomach and to distinguish the intrathoracic 
part of the stomach from the normal ampulla of the esophagus. The roentgeno- 
scopic diagnoses of our 220 patients are listed in Table II. In 182 of these 
patients the amount of stomach above the diaphragm was estimated. In 35 
per cent there were 2 inches (5 cm.) or less of stomach above the diaphragm. 
From 2 to 4 inches (5 to 10 cm.) of stomach were visible above the hiatus in 
53 per cent, and more than 4 inches (10 cm.) of stomach were intrathoracic 
in 12 per cent. 


Table II. Roentgenoscopic Diagnosis in Cases of Short Esophagus (1935 Tukouou 1910) 


DIAGNOSIS 

| CASES 

T Short esophagus 

Hiatal hernia 

Stricture of lower part of esophagus 
Esophageal spasm 

Carcinoma (associated with hernia) 
Indeterminate 

133 

46* 

30 

7 

3 

1 

Total 

220 

•in the early years covered by this Imestigatlon. 
type .of hernia. 

no effort was made to determine the 
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KSOFIIAGOSI'OWC FINDINGS 

Esophugoscopy was performed in 1-10 (G8 per cent) ot Ike 220 patients. 
Examinations wero performed once in 125, twice in eighteen, tliree times in 
four, and four times in two putients. In 120 of the 149 patients on whom 
esophugoscopy was carried out, the distunec from the upper incisor teetli to 
the esophagogastric junction was measured at the time of esophugoscopy. This 
distance wus 14 inches (3G.G cm.) or more in 3G per cent, und less than 14 
inches in 64 per cent. Inasmuch as the distance from the upper incisor teeth 
to tlie esophagogastric junction ut the diaphragm is approximately 1G inches 
(40.G cm.) in the average normal adult, it is evident that the esophugoseopist 
and the roentgenologist agreed closely in their estimations of the amount of 
stomach in the thorax. 

The presence or absence of ulccrulioii was noted in all cases. Significant 
ulceration was reported in eighty-nine putients (60 per cent), slight ulceration 
in twelve (8 per cent) und no ulceration in forty-seven (32 per cent). At the 
time of esophngoxcopy evidence of diffuse ulcerative esophagitis was found in 
twenty-two (15 percent). 

S|>ccimcn.x of tissue were taken for microscopic examination in eighty-six 
putients. In many eases esophageal .stricture was present and tissue wus re¬ 
moved in order to determine the type of mucosa immediately below the obstruc¬ 
tion. In fifty-two patients gastric nmcosu was demonstrated at histologic 
examination to prove that a short esophngus was present. In thirty-four 
biopsy was carried out to exclude malignant disease. In three patients car¬ 
cinoma was found in association with a short csoplmgux und partial thoracic 
stomuch. Two of these carcinomas were gastric in origin; the other was a 
sguumoux cell lesiou. From thirty-one putients infiummutory tissue wus obtuined. 
Adenocarcinoma occurring in the herniated portion of the stomuch was re¬ 
vealed at transthoracic exploratory operation in one additional case in the 
series. 

Thus it is seen that esophagascopic examination is extremely important in 
the diagnosis of. the short esophagus with partial thoracic stomach. Esophn- 
goscopv may bo necessary to determine the type of hiatal hernia that is pres¬ 
ent. This is particularly important inasmuch iw a patient who has a short 
esophngus is not a favorable subject for surgical treatment. Biopsy of mucosa 
from around a stricture is not only desirablo in the exclusion of malignant 
disease, but also is valuable to provide the distinction between cicatricial 
stricture of the esophngas and stricture associated with short esophagus und 
partial thoracic stomuch. It is our policy to perform esophngoscopic examina¬ 
tion in all coses of hiutul hernia in which surgical repair is contemplated and 
particularly in those cases in which dysphagiu or evidence of esophageal ob¬ 
struction is noted. 

In our experience, esophugoseopic examinations ure performed most satis¬ 
factorily with the aid of both topical and general anesthesia. After the throat 
is prepared by topical application of a solution of 20 per cent cocaine to the 
piriform sinuses, the patient is anesthetized with Penlothnl Sodium, admin¬ 
istered intravenously. In a patient who has a short esophagus, the esopliogus 
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is found to be a straight tube without tortuosity or redundancy. The normal 
deviation of the lower part of the esophagus anteriorly and to the left is absent. 
If organic stenosis is not present, the esophagogastric junction is usually found 
to be open; the normal sphineterie action of the cardia is not encountered, 
and there is often a free flow of gastric secretions into the esophagus (incom¬ 
petent cardiac sphincter). Shortness of the esophagus may be demonstrated by 
actual measurement also. 

ETIOLOGY OF THE SHORT ESOPHAGUS 

For many years the term “congenital short esophagus" has been used to 
designate the condition which we are describing. 4 " 7 In fact, in early articles 
dealing with the subject, the congenital origin of the condition was taken for 
granted. In Jackson’s early report 8 on this subject and peptic ulceration of 
the esophagus, the short esophagus was assumed to be congenital. As recently 
as 1942, Dick and Hurst 4 stoutly defended the conception of a congenital 
short esophagus. In 1938 Moerseh 0 stated that the picture of short esophagus 
“occurring as a result of cicatrization of the esophagus cannot be dismissed.” 
Allison, Johnstone, and Royce 10 ' 12 have presented evidence to prove that the 
short esophagus is caused by peptic ulceration of the esophagus followed 
by healing and contraction. 

The basic embryologic and anatomic considerations which concern the 
esophagus, the stomach, and the esophageal hiatus of the diaphragm have been 
reported in detail by one of us (S. W. H.) 2 * s> 13 > 14 in previous communica¬ 
tions. The facts brought out have great bearing on the development of all 
esophageal hiatal hernias. In brief it should be recalled that the formation of 
the diaphragm in embryologic life coincides with the descent of the stomach 
from its thoracic position. The esophageal hiatus is formed by the closure 
of the diaphragm about the lower end of the esophagus. If the descent of 
the stomach is delayed, the esophageal hiatus will form about the cardiac end 
of the stomach. Thus the esophageal hiatus will be abnormally large. In a 
few instances no further descent of the stomach will occur and the result will 
be a true congenital short esophagus with partial thoracic stomach. How¬ 
ever, in most instances the stomach will continue its descent into the abdomen, 
thus producing an esophagus of normal length but leaving an esophageal hiatus 
that is large or incompetent. 

The enlarged esophageal hiatus is the probable basis for the development 
of all types of esophageal hiatal hernias. The frequency with which an en¬ 
larged esophageal hiatus can be demonstrated in the course of other abdominal 
operations has been emphasized by one of us (S. W. H.). 13 The diaphragmatieo- 
. esophageal membrane, consisting of elastic and fibrous tissue originating in the 
fascial coverings of the diaphragm, is the only structure fixing the diaphragm 
to the lower part of the esophagus. In the presence of an enlarged hiatus, 
this membrane is hardly strong enough to withstand a traction effect from the 
esophagus or a pulsion effect from increased intra-abdominal pressure. 

All thoracic surgeons are aware of the extreme elasticity of the esophagus. 
In this connection, the recent studies of Dey, Gilbert, Trump, and Roskelley 1 -’ 
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are of great interest. They found tliat stimulation of tho vagus uen’o in dogs 
resulted in reflex shortening of the esophagus. Tho stimulation of tho vagus 
could bo a direct electrical impulse or could bo indirect, such as would be 
produced by distention of the gall bladder or manipulation of tho livor, stom¬ 
ach, or other viscera. If tho thorax in tho dog was closed, stimulation brought 
tho stomach up to tho hiatus but not into tho thorax. If tho thorax wa3 
opened, tho shortening of tho esophagus drew tho stomach into tho thorax. 
That spasm plays a definite part in shortening of tho esophagus, especially 
in tho early phases of the condition, is a fact that has been emphasized by 
•Johnstone,by Smithers ,c and by one of us (S. IV. II.). 14 From tho work of 
Dov and his associates, 13 one can infer that usxocinlcd disease of the uppor 
abdominal organs may be responsible for the spasm and refiex shortening 
of tho esophagus. 



. Fig. 3.—Congenital short cwphnnua with atricturo Jn a boy aged 6 year* In 1912 who 
nau bad dysphagia ainco birth. Symptom* havo boon controlled by dilatation* ainco 1912: a, 
c*ophngu» and atomach In 1932 ; b, In 1916. 

Congenital Short Esophagus .—Tho 220 eases of short esophagus which 
are the basis of tills report wore studied enrofully from the standpoint of 
etiology (Tahlo III). Patients who gavo a history of dysphagio from birth 
or early childhood were considered to have a true “eougonital short esopha¬ 
gus.” There wore nino (4 per ceut) such patients. Their ages varied from 3 
to thirty-six years. Fivo of them wore less than 10 years of age at the time 
they were first seen at tho clinic, two were between 10 and 19 years of age, 
and two wore 35 and 3G years of age, respectively. Nono of these patients 
gave any history of ingestion of lyo or other caustic poisons. All nino had 
smooth strictures at tho esophagogastric junoturo without evidence of ulcera¬ 
tion. AU wore treated successfully at the clinic or elsewhere by means of 
dilatations performed over previously swallowed threads (Fig. 3). 
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Why all the patients who had true congenital shortening of the esophagus 
had associated strictures is a question that is difficult to answer. These cases 
are similar to the series reported by Findlay and Kelly 5 and Manges and 
Glerf. 6 Obviously, the presence of esophageal stenosis permitted an early 
recognition of the condition, and it is conceivable that true congenital short- 
ening of the esophagus has escaped detection in other cases because of the 
absence of any symptoms. 



Fig. ■!.■—-Hiatal hernia of short esophagus type of "indeterminate” etiology In, 8 - woman 
aged 56 years who had had dysphagia for three years without other symptoms. Esophagos- 
copy revealed a smooth stricture with foreign body (kernel of corn). Dilatations to the size 
of a -15 F. sound were done on two occasions two years apart 

Short Esophagus of Indeterminate Etiology .—The next group of patients 
to be considered are those who presented the picture of short esophagus with¬ 
out any obvious etiologic basis. There were forty patients (18 per cent) with 
shortening of the esophagus of indeterminate etiology. Five of these forty 
patients, all between 45 and 60 years of age, had no symptoms referable to 
the gastrointestinal tract. Roentgenologic studies of the esophagus and stom¬ 
ach had been performed at the patients’ request. Although no endoscopic 
studies were clone on these five patients, the roentgenologist’s diagnosis of 
short esophagus was definite. The other thirty-five patients in the group in 
which the etiology" was indeterminate came to the clinic complaining of dif¬ 
ficulty in swallowing of recent origin hut had no other symptoms or history 
of digestive difficulty (Fig. 4). Facts concerning this group of patients are 
presented in Tables III and IV. We do not believe that these patients had 
true congenital, short esophagus. It is obvious that the diagnosis was made at 
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Table HI. Etiology op Shout Esociuuus With Partial, Thoracic Stomach in L'-O Camas 


ETIQLOflY | 



PEB 

CENT 

L Congenital: dysphagia since birth 


u 

4 

U. Indeterminate etiology 


•10 

IS 

A. No digestive .symptoms; il accidental 




finding " 

5 



B. DysphagJu: onset late in life and only 




symptom 

35 



111. Acquired etiology 


171 

78 

A. Excessive vomiting 

30 



B. Esophagitis aAHxdnUnl with hiatal hernia 




of para-esophageal or sliding typo 

G3 



1. OiH'mtivo repair 17 




2. Other cases -10 




C. Long-standing digestive dbtrei** 

57 



1. Duodenal ulcer (without 




obstruction) 18 




2. Unclasdfled dyspepsia .’19 




I). Scleroderma (uerosclurojds) 

!» 



E. Antecedent cnrdio*>i>aam 

2 



F. Carcinoma Occurring in hernia 

4 




Table IV. Shout Ekopiiauhh op Imictkuhinate Etiology: Data Conckknino Tiiiuty-five 


Cakes in 

Wmni IlvKiHiAiHA Was the Only 

SYMITOM 




XATUUE OP OUaTHOCTION 

AOE (TE.) 

CABE3 


KTHICTI'IIE I STASH 

More than 70 

10 

4.3 

8 2 

G0-G9 

13 

5.3 

8 5 

37-59 

12 

3.0 

8 4 


a fairly advanced uge in this ^i-oup and that dysphagia developed late in life. 
This is eerluinly difficult to explain. However, it is probable that n congenitul 
enlargement of the esophageal hiatus of the diaphragm was present and that 
atrophy of the diaphragmatico-esophageal membrane look place as these patients 
grew older. 

In many of these eases, the history suggests that esophugeul spasm pre¬ 
cedes the development of organic stenosis. It seems likely that cardiocsophag- 
cnl relaxation described by Robins and Jankelson, 17 and more recently by Berk,"’ 
is closely associated with the incompetent or enlarged esophageal hiatus. In 
enrdiocsophageal relaxation, the physiologic sphincter at the cardia is incom¬ 
petent and gastric secretions regurgitate freely into the lower purt of the esoph¬ 
agus. We havo observed incompetence of tills sphincter ninny times at esoplm- 
goscopic examination. As Robins and Jankelson pointed out, the symptom 
of “heartburn” is not necessarily associated with eardioesoplmgeal relaxa¬ 
tion. 

Although the etiologic factor in the cases in this group has been- labeled 
as “indeterminate,” it is conceivable that a combination of hiatus insufficiency, 
atrophy of the diaphragmatico-esophugeul membrane, spasm of the esophagus, 
incompetence of the cardinc sphincter, and, finally, ulcerative esophagitis muy 
have produced the end result. The patients probably had an esophageal hiatal 
hernia of long standing which produced fow or no symptoms until cicatriza¬ 
tion of the lower part of tho esophagus gave obstructive symptoms, 
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Fig’. 5.—Hiatal hernia of acquired short esophagus type due to duodenal ulcer with ob¬ 
struction In a man aged 58 years who had had epigastric distress for fifteen years but no 
dysphagia. Esophagoscopy revealed severe esophagitis with ulceration. Ulcer therapy was 
Instituted. In three months marked dysphagia required dilatation and later pyloric obstruction 
with vomiting and marked esophageal obstruction developed. Gastroenterostomy was per¬ 
formed and stricture at esophagogastric Junction dilated three years after Initial visit: a, 1940, 
b, 1943. 



Fig 6 —Short esophagus with partial thoracic stomach and stricture at esophagogastric 
luncture both acquired after resection of the colon for carcinoma, in a. man aged 73 years, 
nincture, uuu u obstruction with vomiting for two months before operation. Dysphagia 

/S^Sbe tat blenus<£)deve7op2d two months after operation. Esophagoscopy revealed 
(nasal tube naa Deeu u cu, ^ ^ 3trioture _ Dilatations were needed once a month for 

relievo ^dysphagia faf November,' 1946, severe ulceration, spasm, and stricture; b, March, 1947, 

after dilatation. 
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Acquired Short Exopluigus .—OT the 920 cases of short esophagus with 
partial thorncie stomach, there wus an apparent otiologie factor in 171 (78 
per cent). These eases may lie divided into several groups. In tlio first group 
tho pntients gavo a history of excessivo vomiting. Of tlie thirty-six pntients 
ht this group, nineteen had obstructive duodenal ulcers (Fig. 5), soven hud 
vomiting associated with variotts surgical conditions (Fig. G), two had vomit¬ 
ing of prcgnnney, one vomited bcenuse of a brain tumor, ono had frequent 
bouts of migraine with vomiting, and six vomited as part of a syndrome of 
dyspepsia or gall bladder disease (Fig. 7). In this group, tho stenosis of 
the lowor part of the esophagus was often pronounced and a number of these 
pntients came to us with almost complete esophageal obstruction. 


0 



KJg. 7.—Hiatal homIn with short c*«phagu* of ucqulred typo duo to snlUtones and 
vomiting In a woniun aged 63 year* who hml had »ubatumnl burning and rfaurffltutlon of 
•our fluid for tun years and dyapluigla for four years. At e*ophairo*copy obstruction and 
ulceration was demonstrated 9*1 Inches (21.8 cm.) from upper Incisor toetli. Biopsy revealed 
naitric mucous membrane. Periodic dilatations wero carried out. 


In tho second group of acquired short esophagus there were sixty-threo 
cases (Tublo III). These patiouls gave histories and had signs which sug¬ 
gested that an esophugeal hiatal lieniin of tho paraesophageal or sliding type 
had been present for a considorublo time. Characteristically, these patients 
had experienced opignstrio and substemal distress which was mndo worse by 
lying down. In this group of cases, it was felt that esophagitis and recurring 
ulceration of tho lowor part of tho esophagus had resulted in cicatrization and 
shortening of the esophagus (Fig. 8). Seventeen of theso sixty-three pa¬ 
tients had had operations for repair of hiatal hernia. In theso seventeen pa¬ 
tients, temporary interruption of tho left phrenic nerve was followed by 
abdominal oporation with replacement of tho homiated stomach into tho ab¬ 
domen. In somo of these cases shortening of the esophagus was noted at 
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operation. In others, shortening apparently took place as a result of esopha¬ 
gitis after operation (Fig. 9). The operative cases will he discussed later under 
treatment. 

It is of interest that twenty-three of the 220 patients in our series had 
gall bladder disease, in addition to the short esophagus with partial thoracic 
stomach. Also, thirty-two patients gave a history of significant surgical pro¬ 
cedures on the upper part of the abdomen exclusive of I'epair of hiatal hernia. 



Fig. 8.—Hiatal hernia of short esophagus type in a 'woman aged 61 years. Diagnosis 
of large esophageal hiatal hernia had been made ten years previously. Dysphagia was present 
one year only. At esophagoscopy, marked esophagitis and ulceration were present. Stricture 
and gastric mucous membrane were 12% inches (31.8 cm.) from margin of the upper teeth. 
Relief of dysphagia was by dilatation. 


In fifty-seven cases (Table III) the patients gave a history of upper 
abdominal of long duration. Eighteen of these patients had duodenal ulcers 
without evidence of pyloric obstruction. The remainder had epigastric distress 
which was not suggestive of esophageal hiatal hernia. 

In nine patients in this series (Table III) a short esophagus with partial 
thoracic stomach was associated with scleroderma (acrosclerosis) (Fig. 10). 
The esophageal lesions of scleroderma have been reported by 0 ’Leary, Kirklin, 
and one of us (A. M. O.)! 0 Involvement of the esophageal wall by the sclero¬ 
dermatous process is apparently responsible for the shortening of the esopha¬ 
gus in this group. 

In two cases the short esophagus apparently developed secondary to 
cardiospasm (Table III). One of these patients, a man 57 yearn of age, had 
had dysphagia for twenty-four years. He was seen periodically at the clinic 
for twelve years before roentgenologic evidence of shortening of the esopha- 
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developed. Tlio other patient, a woman G1 years of age, had both cardio¬ 
spasm and hiatal hernia in J941 and on Iter return in 1D44 was found to have 
a short esophagus. 

Four patients were seen who laid carcinoma associated with short esopha¬ 
gus (Table III). In three of these patients the carcinoma was gastric in. 
origin (Fig. 11). The fourth patient had a squamous cell carcinoma. At¬ 
tention is called to previous similar reports by Christiansen,” Haven 11 and 
Smithers,” of coexisting carcinoma and hiatal hernia. 



Kip. 9.—Eaophngenl hiatal hernlu with nojulnnl *hort eaophnguj duo to omjplmgitl*, In 
a "woman aged SO years u’ho had had cplgintrlc dUtrvjg for twenty-eight year* but no 
dyjphagta: csophagortcopy revealed cMnphagitlfl with ulceration at caophagogngtrfc Junction 12 
Inches (30.6 cm.) from tho upper Incisor teeth. There was a peptic ulcer seen on the left 
border of tho esoplingu*. a, Before tumpomry left phrenic Intelruptlon with repair of hernia; 
b, after operation ; c, thirty inontlui after operation. Dysphagia hud developed. Ksophogoscopy 
revealed stricture 9 inches (22.9 cm.) from margin of upper teetlu Biopsy from region of 
stricture revealed gastric mucous membrane. Dilatation relieved dynplingia. 


Comment. —As has been [minted out previously by one of as (S. W. H.), 
tho evidence indicates tlmt true congenital short esophugas is rare. It occurred 
in 4 per cent of our group. Tho congenital factor which appears to play a 
part in the development of all Hiatal hernias is congenital enlargement of the 
esophageal hiatus of the diaphragm (Table V). Weakening or disruption of 
tho diaphragmatieo-esophageul membrane Is also necessary for the develop¬ 
ment of hernia. Atrophy of this membrano apparently occurs in older per¬ 
sons. Increased intra-abdominal pressure, especially that associated with 
obesity, plays a part in the development of hiatal hernias. 

It is reasonably well established that the short esophagus may bo caused 
by sevoro esophagitis and ulceration of tho lower part of the esophagus fol¬ 
lowed by healing and cicatrization. 10 ’ "• le ’ 11 This is best illustrated by cases 
of excessive vomiting in which shortening of the esophagus resulted. Acid 
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however, progressive esophagitis resulted in shortening of the esophagus after 
an apparent successful repair (Pig. 9). 

Clark and Adams 23 described the procedure for transthoracic esopha go- 
gasti ostomy, which they have employed in cases of benign stricture of the 
esophagus. This procedure consists in making an anastomosis between the 
fundus of the stomach and the esophagus above the stricture. This procedure 
might be employed in cases of short esophagus in which the stricture cannot 
be dilated satisfactorily. 



Fig. 12.—Hiatal hernia with acquired short esophagus in a man aged 71 years who had 
had aubsternal distress and dysphagia for eighteen months. Esophagoscopy revealed ulcera¬ 
tion. and biopsy revealed gastric mucosa, a, "Ulceration; b, spasm played large part; c, 
moderate obstruction to sounds at recent visit three years later. 

The most common symptom demanding treatment in the 220 cases was 
dysphagia. In our experience, dysphagia has been treated most satisfactorily 
by dilatations performed over a previous^ swallowed thread. In patients whose 
dysphagia is caused by spasm, dilatation with a 50 P. sound can he accom¬ 
plished with ease. However, in the great majority of instances, organic stenosis 
is present and graduated sounds up to 45 F. must be used. Because of the 
cicatricial nature of the stenosis, dilatation must be repeated from time to 
time. Dilatations were performed in 145 of our 220 cases (Table VI). In 
about half of these only one series of dilatations was carried out at the clinic. 
In some of the cases twenty or thirty dilatations ivere necessary in a period of 

years. . 

In-the early phases of treatment of patients with organic stenosis, ddata- 

tions must be carried out every few weeks. However, it usually is possible to 
increase the intervals between dilatations up to six months or more. 
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T.ydi.l vr. Tutatment 


TilKATM y.ST _ _ _ _| I'AHKH 


Interruption of phrenic nerve und repair 


17 

Interruption of phrenic nerve oulv 


4 

Dilatation of stricture 


345 

Dilated onco 

70 


Dilated twice 

23 


Dilated three times 

14 


Dilated four times or more 

20 



On the whole, the results of treating these strietures with diluting souiuls 
have been satisfactory- Most of the patients are able to eat almost normally. 
The risk of performing dilatations in this group by the method described is 
small. Wo have had no fatalities resulting from dilatation in tbe.se cases. Dila¬ 
tation should never be done by blind bougienage. 1 *' 

Medical treatment Ls directed against the further development of ulceration 
in the esophagus. In the presence of ulcerative esophagitis, n bland typo of 
diet such ns that employed in peptic ulcer is desirable. The frequent use of 
antacid preparations will keep gastric secretions neutralized. For patients who 
arc overweight, a reduction program Ls imperative. It Ls amazing how often 
symptoms of hintul hernia can ho controlled by keeping tho weight down and 
reducing the intra-abdominal pressure. Elevation of the bend of tho patient’s 
bod is a valuable aid. The head of the heil should he raised 12 to 15 indies 
(30 to 3S cm.) above the foot. This procedure tends to prevent regurgitation 
of secretions into the esophagus during the night. 

Admittedly, tho management of short esophagus with a partial thorneie 
stomach Ls not ms satisfactory ns the surgical repair of tho other types of dia¬ 
phragmatic hernia. However, tho majority of patients who have a short 
csoplntgus can live comfortably if they will follow the regimen outlined and 
report for dilatations when necessary. 

SUMMARY 

A study of 220 eases of short esophagus with partial thoracic stomach was 
made. On the basis of tills review, the following conclusions may bo drawn 
nnd observations made: 

True congenital short esophagus Ls rare (4 per cent of tho eases in our 
series). In nil overwhelming majority of the cases shortening of the esophagus 
is acquired in luter years of the patient’s life. 

Busic anatomic factors in the development of hiatal hernia are congenital 
enlargement of tho esophageal hiatus of tho diaphragm and atrophy or weak¬ 
ness of the diaphrngmatico-csopluigcnl mombrnne. 

Shortening of the esophagus develops an a result of “peptic” ulceration of 
the esophagus. Poptic ulceration of the esophagus may he tho result of (1) 
excessive or prolonged vomiting, or (2) incompetence of the physiologic sphincter 
at tho cardia, when it occurs in association with hiatal hernia or with reflex 
spasm of the lower part of the esophagus. Reflex spasm of the esophagus in the 
remit of stimulation of the vagus nerve nnd may be produced by a variety of 
digestive disorders. 
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Dysphagia is the most common symptom associated with the short esoph¬ 
agus. In early stages, spasm may be the cause of dysphagia. However, organic 
stenosis of the lower part of the esophagus develops in most cases. 

Hiatal hernia of the short esophagus type is not favorable for surgical 
treatment. When dysphagia is present, dilatation may be carried out by passing 
sounds over a previously swallowed thread. Medical measures are directed 
against further ulceration of the lower part of the esophagus. 

Because the treatment of short esophagus type of hernia is radically differ¬ 
ent from that of the usual hiatal hernia, it is important that an accurate diag¬ 
nosis be made. Careful roentgenoseopie studies are necessary and esophago- 
scopic examination is frequently required if hiatal hernias of the short esophagus 
type are to be differentiated from hiatal hernias with esophagus of normal 
length. 
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DISCISSION 

DR. STUART \V. If ARRIXOTOX, Rochester, Minn.—This study of 220 cum** of short 
ooplingus with elevation or herniution of the stomneh through the esophageal hiatus wus 
made to obtain criteria for the establishment of the rliulral diagnosis and elnsslflcntion of 
the different typos that occur. The>e data are e>s*entlal in order that thoM* types that ore 
most effectively treated by eon«*rvutive measures jind dilatation nin Is* dihtingulhhcd from 
thot-e that demand surgical treatment ns well ns from thox' that lequirt* l>o1h dilutntiun and 
surgical Intervention. 

I have l>cen chiefly interested in the types of short esophagus that do not respond to 
conservative management, and in which surgical treatment hns lu Ik* considered. T would 
Uko to emphasize some of the important ]>oints umde in this presentation: ( 1) that dysphagia 
and hemorrhage in cases of OMtpUagmil hiatus hernia usually Indicate a complicating lesion 
of tho esophagus that must bo carefully investignted l»efore surgical treatment is instituted, 
and (2) tluit roentgenogrnphic studies may not irvenl an n^Kdated Wmn of the lower 
part of the esophagus Ix-cauM.* the lesion may be obscure! by the barium in the hernial sac. 
Roontgenogrum* may also indicate the presence of u short esnplmgu* of tlm congenital type 
when, in reality, the esophagus i> not artually short but appears so l>cenu>e of the contrac¬ 
tion of its longitudinal muscles, which olovnbn the canlia ulmve tin* diaplirngm due to an 
incompetent hiatus. The third point which T wish to emphasize is that an osopliagoseopie 
examination la essential in all cases of hiutal hernia in which surgical treatment is Ixdng 
considered, becauw; it is the most necurute method of <ietermining whether there is any com¬ 
plicating lesion of the csophngus or enrdia. 

In considering eases of short esopbngus from a surgical >dnndj>olnt, it la important 
to differentiuto them fruin true hiatal hernias lieenuM* their surgical management is entirely, 
different. 

In eases of true Uiutul hernia, the surgical problem ts tlmt of replacement of tile 
herniated portion of the stomueh into the ulxlomen, removal of the hernial sac, and repair 
of the mnsclo ring of the abnormally enlarged esophageal hiatus. 

In cases of short esophagus of the congenital or acquired type*, the surgical problem 
U that of clevntlon of the diaplirngm and the crural libers of the ldatul muscle ring to a 
position above tho stomach, nnd the reconstruction of the hiatal muscle ring around the 
lower part of tho esophagus at least 2 to 3 cm, above the enrdin, because thore nmy l>o some 
contractioa of the longitudinal muscles of the enopluigus after the operation. 

Patients who have esophageal hiatal hernias of the short esophagus typo often luive 
ftMocinted Btonosls of the esophagus for which dilatation should l>o informed l>eforo opera¬ 
tion. These patients should lx» examined at frequent intervals after ojujrntion, l>ecnuso they 
may require moro dilatations, depending on the subsequent course. 

Great care should lx* used in the selection of these cases for surgical treatment, because 
of all tho difforent types of esophageal hiatal hernia, the short esophagus typo is the moat 
likoly to recur. Surgical treatment of elevation aud reconstruction of the hiatal muscle ring 
should bo considered in those cares in which a moderate shortening of the esophagus is present, 
and In this solect group, conservative treatment should bo tried lMjforo operation ia done. 

In some cases, Interruption of tho phrenic nervo and dilatation of the esophagus may 
relievo the symptoms. Patients who Imvo severe symptoms that do not respond to conserva¬ 
tive treatment nnd tho usual opomtivo reconstruction of tho hiatus may require the moro 
radical surgical treatment of transthorncic and tmnsdiaphmgmntlc resection of tho esophagus 
with esophagogastro-anastomosls. 

DR. RICHARD H. SWEET, Boston, Mass.—Dr. Olsen made one statement which in¬ 
terested me a great deni. I havo l>ctin puxzled by this nnd very much Impressed by the 
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clinical entity wlucli he has pointed out. He mentioned that in one of his eases he thought 
the etiology was the presence of a carcinoma in the lower end of the esophagus, if I under¬ 
stood him correctly. 

Of the 91 resections of carcinoma of the cardin, some of them arising in the stomach 
and some of them from the esophageal side—which I reported a while ago—exactly 13 
per cent were present in a short esophagus and hiatus hernia syndrome. That seems to me 
to be a very high percentage, and I wish that he might comment npon it from the 
etiological standpoint. 


DR. H. BRODIE STEPHENS, San Francisco, Calif.—-The etiologic factors concerned 
with the production of the ulcerative and ultimate stricture in the group of patients pre¬ 
sented by Dr, Olsen are particularly puzzling to me. It seems to me that there are certainly 
the same factors present in both varieties of hiatus hernias, yet the stricture is only present 
in the short esophagus type of hiatus hernia. 

It is possible that the herniated portion of the stomach in the short esophagus type 
functions somewhat as a blind loop with the development of high acid concentrations in the 
portion of the stomach above the diaphragm. Such high acid values could account for the 
ulceration and stricture that is common to this type of liiatus hernia. 


DR. CAAIERON HAIGHT, Ann Arbor, Hich.—I would like to present for Dr. Alex¬ 
ander the case of a child of 4% years of age whom he treated because of excessive bleeding 
from ulceration of the lower portion of a congenital short esophagus. We have had two 
such cases; in the second one it was possible to control the symptoms by antacid therapy 
combined with a temporary phrenic nerve interruption. 

The first patient was admitted because of a profound anemia. The symptoms con¬ 
sisted of abdominal pain, occasional vomiting, and inability to take any food except milk. 
The hemoglobin on admission was 4.35 Gm. and the red blood cell count was 1.3 million. 
The vomitus at times was reddish brown in color and all stools showed a 4+ guniac test. 
After many transfusions the hemoglobin increased to 11.8 Gm. but because of continued 
bleeding in spite of antacid and dietary management, further measures were required. To 
the best of our knowledge, esopluigogastrostomy had not been employed previously for tills 
type of lesion in a young child, and the case presented the particular problem of the advisa¬ 
bility of esophagogastrostomy in a child of this age. As there appeared to be no alternative, 
Dr. Alexander proceeded in October, 1945, with resection of the lower esophagus and upper 
portion of the stomach followed by esophagogastrostomy. 

(Slide.) The first roentgenogram shows the typical finding of a short esophagus which 
was presumed to be congenital because of the age of the patient. The second roentgenogram 
shows the appearance of the esophagus and stomach thirteen months after the esophagogas¬ 
trostomy. 

The child's condition was poor before operation. At operation the lower esophagus 
wa8 found to he indurated and pathologic examination of the resected specimen showed the 
presence of a chronic ulcer. The postoperative convalescence was stormy and feedings were 
not tolerated well. A gastrointestinal roentgenogram showed the greater portion of the 
stomach to be within the left hemithorax, but there was no evidence of esophageal or pyloric 
obstruction. In view of the symptoms, a jejunostomy was performed one month after opera¬ 
tion. His condition then very gradually improved and the jejunostomy tube was removed 
four and one-half months later. The patient was discharged from the hospital six months 
after the esophagogastrostomy. 

Subsequent examinations on four occasions at intervals between nine and eighteen 
months after operation show that the patient is progressing unexpectedly well. He is eating 
all types of food, gaining weight and strength, and enjoying normal activities. There has 
been no recurrence of the bleeding. The postoperative roentgenogram thirteen months after 
operation shows essentiallv the same appearance of the stomach that was noted before the 


3 TWs ^se is mentioned because of the profound bleeding which resulted from the 
lesion the use of esophagogastrostomy in the management of the problems and particular! 
the early age of the patient at the time of the operation. 
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D1L WM. E. ADAMS, Chicago, IH.--UV huvc had ti number of these cases, most of 
thorn responding quito well to tin* trout ment pichontcd by Dr. Olson, namely, repeated (Muta¬ 
tion and medical measures. I wish to piosent home slides of a can.' tlmt 1 flaw nlwut a 
year ago that piCM*nted a diflVicut problem. 

(Slide.) Thf» wna n Mexican Ikjv of 17. who had ditllculty in swallowing shortly aftor 
birth. It was noted that lie had wane stricture. Ho was dilated repeatedly, hut at the ago 
of 3 a gastrostomy was necessary. Since that time ho bd a fairly normul life, developed 
normally, and when I first Maw him, this x ray showed a complete obstruction at the lower 
part of the rniddlo thiril of the ouplingus. 

Because of some experience with gnsttocnophugoMomy for ls*nigu stenosis la other 
cose*, I decided tlmt it w:u» the lx*st procedure in liis raw. 

(Slide.) Through on iueidoit in the lower left chest, extending down in the abdomen, 
wo brought the fundus of the stomach up after releasing and closing the gastrostomy ami 
dividing the left gastric artery. It was relatively easy then to unite the eaophaguH ulwve 
tlie jK»int of obstruction with the fundus of the stomuch by a shle-to-slde upemtion, very 
similar to u gastroenterostomy. 

He tolerated the operation \ery well and, a* you see here, the obstruction was com¬ 
pletely relieved. Since that time he lint* gotten along very well. 

(Slide.) The next slide show* the M*nr of the oficmtiou, extending down into the 
left upper quadrant of the nlidntiieti. la patients where there is a high degreo of obstruc¬ 
tion, where dilatation has to lie nqpentcd frequently mid gives less Kitisfuctury results, l 
think an operation such us this tyjn* is useful. 

DJt. A. M. OI.HKX, Hocliehter, Minn. l>r. Sweet lias u>l.e 1 whether n cnrciuoaui which 
occurs in conjunction with the short esophagus is tlie muse of the shortening of the esophagus, 
or wlictlior the two conditions occur coincidentally. This question is von 1 dilHcult to answer. 
Carcinoma of the c&rdiue end of the stomach often involves the outer walls of the esophagus. 
It is our Improrsion that iuvasion of the lower [uirt of the esophagus by a gnstrie cnrtiuonm 
may result in shortening of the csopluigus. There is uo reason, liowe\er, why carcinoma can¬ 
not arise in the shortened esophagus or the intrathoraeie jtortion of the stomach. 

Dr. Stephens’ question concerns tlie development of stenosis of the lower part of tho 
esophagus in patients who have CMiphugeul hiatal iiemia. The cardiac sphincter often is 
inronqwtent in tho presence of hiutnl Iiemia. (laatric weretions regurgitate into tho lower 
port of tiio esophagus ami may cause severe I'soplmgitls. As this esophagitis heals, contruc- 
tioa and stenosis of tlie lower jwrtion of tho esophagus is likely to occur. 

I am very glad that Dr. Adams could discuss his oxperlonre with esophngogustrustomy 
for strictures associated with esophageal hernia in tho presence of a siiort esophagus. Hcfer- 
ence to tiio work of Clark and Adams is made in tlie text of tills pui>er. Although wo feel 
tliat most of these strictures can l>e (rented successfully by means of dilatation, there are 
certain cases in which a surgical procedure, such as that descrilied by Dr. Ail a ms, would be 
most valuable. I was interested puiticulurly in tho patient with esoplmgeal stricture nsgo- 
eiate<l with scleroderma who was treated by csopbagognstrostomy. 



./ 


RESECTION OF A COARCTATION OF THE AORTA WITH 
SUBCLAVIAN-AORTIC ANASTOMOSIS 

Report of a Case With a Discussion of a New Cramp for Aortic 
Resection and Anastomoses 


H. H. Bradshaw, M.D., J. F. O’Neill, M.D. (by invitation), and 
Felda Hightower, M.D. (by invitation) 
Winston-Salem, N. C. 


' | 'HE signs and symptoms of coarctation of the aorta form a well-known 
A symptom complex that needs no repetition now. The diagnosis is not dif¬ 
ficult if the possible existence of the lesion is considered. 

The prognosis in patients afflicted with this deformity is rather poor unless 
the patients are treated surgically, and approximately 75 per cent of them will 
die before the age of 40 years. Hines and Christensen 1 have listed three types 
of events which may lead to death. First, the condition may remain latent 
throughout life and death may occur suddenly from a ruptured blood vessel 
or from conditions unrelated to the vascular anomaly. Second, cardiac in¬ 
sufficiency may occur rather suddenly in an apparently healthy individual and 
progress to complete decompensation and death. Third, chronic cardiac in¬ 
sufficiency may lead to cardiac failure and death. Subacute bacterial endo¬ 
carditis and aortitis may also occur. 

In view of the poor prognosis in untreated patients, and the encouraging 
results which have been secured by Crafoord and Nylin, 2 Gross, 3 and Clagett, 4 
it is reasonable to advise patients with this deformity to have surgical cox-reetion. 

Apparently, the first attempts to apply experimentally obtained experience 
in the surgical correction of coai'Ctation of the aorta was made by Crafoord and 
Nylin 2 in October, 1944. At that time, two patients were successfully operated 
upon. Since then Gross 5 has operated upon at least sixteen patients with two 
deaths; Crafoord 2 has completed two such operations, and Clagett 4 has per¬ 
formed one at last available report. In some of these patients where the coarcted 
area is rather long, difficulty may be experienced in anastomosing the ends of 
the aorta after resection of the narrowed portion. It may not be possible to 
bring the aortic ends together at all, or, if they are approximated, the tension 
required to maintain them may cause the sutures to break or tear through the 
aortic wall, especially if it is atheromatous. In such a situation, the procedure 
used experimentally by Blalock and Park 6 may prove valuable, that is, anas¬ 
tomosis of the proximal end of the divided left subclavian artery to the distal 
end of the aorta after resecting the coarctation. This method was used by 
Blalock and Park 0 on a series of forty-three dogs. In each the aorta was severed 
at the level of the obliterated ductus and both ends were sutured. The left 
subclavian artery was then divided and its proximal end sutured to the aorta 
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by nn end-to-side anastomosis. Ton of these animals survived for several 
months or longer. The predominating complication was paralysis of the pos- 
terior part of the ltodv. 

These results, although not too encouraging, do not mean that this proce¬ 
dure is contraindicated in patients who have coarctation, and where the aortic 
ends cannot lie approximated ufter the coarctation is resected. This is true for 
two reasons. First, patients with coarctation may well have a left subclavian 
artery which is dilated to the same caliber ns the aorta Mow (ho coarctation, 
and it could thus shunt a great deal more blood to the distal aorta than could 
an undiluted left subclavian artery in an otherwise normal dog. Second, even 
if the left suMnvian artery were somewhat smaller in diameter than the aorta 
distal to a coarctation, it would still he larger than the area of the coarctation 
itself, and the other collateral channels already present could play an important 
part in transimrting blood to the lower two-thirds of the body. 

lie-section of aortic coarctation with suMaviun aortic anastomosis has been 
performed on two human livings, t'lagett,* in August, 194G, carried out this 
procedure on a 34-year-old man and the patient survived. A similar operation 
was duiio on the patient herein reported, hut death ensued twenty-four hours 
after operation from pulmonary edema and atelectasis. In neither patient 
was tliete any suggestion after operation of any paralysis in the legs or left arm. 

The patient operated upon by Dr. Bradshaw was a lG-year-old white uian 
admitted to the North Carolina Baptist Hospital on Dec. 16, 1946. Three 
montlis prior to admission lie Imd noted the onset of dizzy spells when he 
would Vise to his feet from a sitting or lying position. At the same time I 10 
noted the onset of frontal headaches, pain in his anterior chest to the left of 
his sternum, dyspnea on exertion, ami some pain and tenderness in the anterior 
muscles of his thighs, lie had ulso complained for a long time of cold feel. 
He hud consulted three physicians al various times and was told he had high 
blood pressure. The fourth physician, after an examination which included 
a chest x-ray, told him that he had a disorder of a large blood vessel in his chest. 

When a younger hoy he had had frequent nose bleeds and sore throat. 
An appendectomy had been done in 1944, and several months prior to admis¬ 
sion he had been treated in another hospital because of impairment of renal 
function. At that time, his blood nonprotein nitrogen was reported to huve 
reached a high of 2G0 mg. per cent. When examined at the time he eamo to 
the hospital, there was slight fullness of the veins of ills neck. Systolic blood 
pressure readings in the right arm averaged 142 mm. of mercury, and in tho 
left am between 136 and 162 nun. of mercury. Diastolic blood pressure in 
the right arm averaged 70 nun. of mercury, and in the left arm varied botiveen 
G4 and 70 mm. of mercury. In the legs, the systolic blood pressure readings 
varied between 84 and 408 mm. of mercury, whilo the diastolic leadings varied 
between 60 and 80 mm. of mercury. 

Thero was a loud systolic murmur in tho pulmonic area as well as a blowing 
diastolic murmur in the sanio zone. Several pulsating intercostal vessels could 
lie palpated ovor the posterior chest wall. 
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The radial pulses were full and forceful, while the pulsations of the 
abdominal aorta, femoral, posterior tibial, and dorsalis pedis arteries were 
markedly diminished. 

Fluoroscopic examination and x-ray films of the chest showed an aortic 
knob, slightly smaller than usual, with no mediastinal enlargement. The 
descending portion of the aorta could not be well visualized. Motion of the 
heai’t and diaphragm were normal. The lung fields were clear and notching 
of the inferior rib margins was noted. 

The electrocardiogram gave no evidence of myocardial disease. The blood 
counts and urinalyses showed no abnormalities. The blood nonprotein nitrogen 
and total serum proteins were noimial and the phenolsulfonthalein test of kidney 
function showed SO per cent excretion in ninety minutes. 

This patient was operated upon on Dee. 21, 1946. A left posterolateral 
approach was employed and a segment of the fourth rib was removed. The 
intercostal arteries and veins were markedly^ dilated and at the insertion of 
the ligamentum arteriosum into the aortic wall a definite aortic constriction 
was present, below which no aortic pulsations were palpable (Fig. 1, A). The 
process of freeing-up the aorta was troublesome because of venous bleeding 
from a rich plexus of dilated vessels. The ligamentum arteriosum was divided 
and a 3 cm. segment of aorta containing the coarctation was excised between 
clamps (Fig. 1, B). The lumen at the coarcted level was but 4.5 mm. in 
diameter and a soft organizing thrombus was present at this point. 

When an attempt was made to suture the aortic ends together, it was felt 
that the tension on the sutures was excessive and that it would be difficult and 
hazardous to try to complete the anastomosis. The only alternative was to 
utilize the left subclavian artery which was dilated to the same diameter as 
the aorta. Accordingly, the proximal aortic stump was closed and the left 
subclavian was freed up and divided between clamps at a point 4 cm. from 
the aortic arch (Fig. 1-C). The distal subclavian stump was sutured and the 
proximal subclavian stump was rotated caudad, Fig. 1-D and was anastomosed 
to the distal aortic stump using an everting suture of 3-0 Deknatel silk. (Fig. 
1, E and F .) 

Total operating time was five hours. Postoperatively, the patient’s con¬ 
dition remained critical. Pulses in the legs were felt on only one occasion about 
eighteen hours after operation. Blood pressure in the legs could not be re¬ 
corded. The radial pulse rate averaged 130 per minute and blood pressure 
readings in the aims remained high, averaging 200 mm. of mercury systolic 
and SO mm. of mercury diastolic. 

The patient died twenty-six hours after completion of the operation. At 
autopsy, he was found to have edema of the right lung and atelectasis of the 
left lung. The anastomotic site was partly obstructed by a thrombus. The 
degree of coronary artery sclerosis which was present in this young patient 
was quite remarkable. 

Lon<r intestinal clamps were used to occlude the vessel ends while this 
anastomosis was being completed, and it was quite difficult to keep the cut 
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ends uf tIio vessels absolutely immobile in weiimte end-to-end approximation. 
The result was that the due sutures Iteing used broke with annoying frequency. 
An attempt was made, theivfore, to design a clamp which would firmly ('rasp 
the aortic wall between parallel Imrs without crushing, and which would permit 
the vessel ends to he accurately approximated to each other and immobilized. 

Such clamps were designed amt the original model was made through the 
kindness of Dr. J. Harle Thomas and Mr. William Cnrlihcls, Professor of 
Physiology uml Instrument Maker, respectivelv, at the Jefferson Medical ('allege 
in Philadelphia.* This instrument is shown in Figs. 2 and 3. 



JOB. 1.—DlagrwmuuLUo repreuerttnAtan uf opuruUvo fctep* followed In the patient reported. 


It consists of four parts: two clumps having parallel jaws 5 cm. long, the 
pressure on the jaws lieing accurately adjustable by means of a knurled nut; 
au octagonal rod S cm. long huviug a ball on either eud, and threads on its 
four “corner” surfaces to receive a knurled nut. This rod cun be inserted into 
square holes in each elamp so that it holds them in constant alignment with 
each other and pormits them to be moved to or from each other. A handle, 
18 cm. long can be attached by a bull-nnd-socket joint to either end of the 
bar. The handlo can be moved through a wide range with respect to the bar 
and locked in any position desired. 

... •Tliuc clump* are now being auppllatl by the George P. PUIlng £ Sona Company 1151 
walnut Street, Philadelphia, Pa. 
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This instrument has been employed experimentally on fifteen occasions 
and lias proved satisfactory. When in use, the clamps can be removed from 
the bar or left on it and placed transversely across the aorta one above and 
one below the segment to be resected. The jaws can be closed to any desired 
pressure by turning the knurled nut, and the aorta can be thus occluded. It is 
important when applying these clamps to place the aorta in each clamp 
equidistant from the tips of the clamp so that when the clamps are joined 
by the bar and approximated, the aortic ends will be in accurate end-to-end 
apposition. 



Fig. 2.—Photograph of the clamp disassembled to show its parts. 


The desired segment of aorta can then be excised, leaving a free cuff 
about 8 to 10 mm. long on each side between the cut ends of the aorta and 
the clamps. (Fig. 4-4.) 

If the clamps are removed from the bar before application, they can be 
joined by the bar after the aortic segment has been excised. The left hand 
clamp is locked on the bar by means of the small set screw, while the right 
hand clamp is left unlocked on the bar. Using the knurled nut on the bar, 
the right hand clamp can be moved toward its fellow (if desired, this relation¬ 
ship can be reversed) thus approximating the aortic ends. Both set screws 
are then tightened and the ends of the vessel are accurately secured in a satis¬ 
factory position for exact suturing. (Fig. 4, B.) 

A running horizontal mattress suture of 4-0 braided silk has been used in 
the experiments done to date. This everts the aortic ends and allows for 
intima-to-intima healing. This suture is stalled on the upper surface of the 
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aorta at a point near the edge of tlit* vessel which is further from the operator. 
It is carried urmind the fnr edge of the aorta (Fig. 4, II). Tlie elamp can tlien 
he rotated away from the operator (Fit;. 4, f) and the suture line continued 
on the under surfncu of the aorta. When the nearer edge is reached, the elamp 
can be rotated again toward the operator and the suturing completed on the 
upper surface. (Fig. 4, D.) 



The distal elamp can then he slowly released but left loosely astride the 
aorta should it be needed again. The proximal elamp can then bo released very 
slowly over a period of several minutes and also left loosely across the aorta. 

Should leaks occur, they can usually bo controlled by steady pressure with 
a gauze sponge. If this is not sufficient, both clomps can be again tightened 
and an extra suture insorted. 
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The running horizontal mattress type of stitch is favored because it 
everts the edges nicely and causes much less strangulation of tissue than 
closely placed interrupted horizontal mattress sutures. 

To date this clamp lias been used experimentally on fifteen dogs. In each 
animal the aorta was approached through the left chest and segments of aorta 
varying in length from 4 to 12 mm. were excised. 



Fig. 4.—Diagrams of technical steps followed in the experimental resection and suture 
of the aorta. A. The clamps mounted on the horizontal bar have occluded the aorta and a 
segment is excised from between them. Note cuffs of aorta allowed to remain. B. The clamps 
have been moved together on the horizontal bar so that the aortic ends are apposed. A con¬ 
tinuous horizontal mattress suture has been started on the "upper” surface and is being run 
around the edge farther from the operator. G. The clamp and aorta have been rotated away 
from the operator and the suture line Is continued on the under surface. D. The clamp and 
aorta have been rotated back toward the operator and the suturing completed. 


In the first ten dogs operated upon, sodium pentobarbital anesthesia was 
used in dosage of 30 to 40 mg. per kilogram of body weight. In each animal, 
pulmonary ventilation was carried out under positive pressure with atmospheric 
air administered by means of endotracheal tube and a motor-driven interrupter. 
In this group there was one survival and nine deaths. Three dogs died at the 
time of operation, one from anesthesia, and two from hemorrhage as a result of 
constant tearing of the aortic wall. Both dogs having friable aortic walls were 
older animals, and in addition to the sutures tearing through the coats, the 
layers of the aortic walls separated readily from each other. This raises the 
question as to the ability of an older aorta to retain sutures. Many observa¬ 
tions on many human patients will have to be made before such a question can 
be answered, but it is of importance with relation to the optimum time for 
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resecting nn nortic coarctation. Speaking from tlie purely tcehnicnl standpoint 
of suturing, it may lie preferable to resect aortic coarctation early in the life 
of tlio patient before the aortic wall proximal to the eouretntion lias become 
physiologically old. 

In this same group of ten dogs, two died within twenty-four hours with 
paralysis of the hind legs, bowel, and bladder; two died at four and six duys 
after operation, respectively, from hemorrhage; one died on the fifth day of in¬ 
fection; and one died on the sixth day with paralysis of the rear legs, bowel, 
and bladder. 

Thus four out of seven dogs surviving the operation, per se, had paralysis 
of the rear legs, liowel, and bladder. These dogs had large bowel evacuations 
while the nortic clamp was in place ns well ns after its removal. 

It is felt by ninny investigators in tills type of work that these paralyses 
are the result of ischemia of the spinal cord. The length of time during which 
the aorta cun be clamped without developing a purnivsis of hind legs in a dog 
has been variously estimated by ninny observers, but is usually considered 
to lie about fifteen minutes. There is, however, nn apparent variation in this 
period of occlusion, for in dogs with aortas occluded thirty to forty-eight min¬ 
utes, paralysis has not occurred. 

Various measures have been used in attempts to overcome this complica¬ 
tion. Gross and Ilufnngcl, 7 in their experimental work, cooled tho lower part 
of their animals in order to lessen the severity of this complication. Wo 
have considered the use of some by-passing operation similar to thoso used by 
Carrel* in 1910, and also the use of transfusions into tho distal uorta while the 
nortic clamps are on. How extensively this type of procedure should be in¬ 
vestigated is a matter of conjecture, beeau.se conditions in these dogs ore far 
different from thoso in human patients with coarctation where nn extensive 
collateral circulation already exists. However, we did feel it worth while to 
investigate tho possibility of the axe of high concentrations of oxygen to see 
whether it would have u beneficial effect in reducing these neurologic compli¬ 
cations. Accordingly, in tho next five dogs operated upon, tho sumo anesthesia 
mid tho satno technique was used, but, in addition, oxygen at tho rate of 4 h. 
per minute mixed with room air was administered through the positive pressure 
respirator)'- apparatus. It was felt if the oxygen saturation of tho blood could 
ho raised to its maximum point before the aortic clamps were applied, then 
while the clamps were in place and tho aortic circulation completely obstructed, 
the tissues distal to this site would have a somewhat larger reserve of oxygen 
to help to tide them over the period of occlusion. 

Three dogs breathing room air after administration of sodium pento¬ 
barbital anesthesia were found to have nn nverugo oxygen saturation in their 
venous blood of 74.4 per cent. After the aortas had been occluded for 20, 25 
and 25 minutes, respectively, the average oxygen saturation in fomoral vein 
blood was 11.6 per cent, while oxygen saturations in venous blood from the 
forelegs averaged 80.1 per cent. Tho hemoglobin values in these dogs varied 
from 8.7 to 12.1 Gm. per cent. 
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Two other dogs breathing room air after administration of sodium pento¬ 
barbital anesthesia had average oxygen saturations in their venous blood of 
82.1 per cent. These two dogs were then given oxygen at a rate of four liters 
per minute mixed with room air via an endotracheal tube and the oxygen sat¬ 
uration of venous blood rose to an average of 98.4 per cent. Oxygen plus room 
air was continued while the aorta was occluded. After periods of aortic occlu¬ 
sion of twenty-three and twenty-eight minutes, respectively, the oxygen satura¬ 
tion of femoral vein blood averaged 16.6 per cent, while the oxygen saturation 
of venous blood from the foreleg averaged 101.0 per cent. The respective 
hemoglobin levels in these dogs were 12.6 and 13.5 gin. per cent. 

Thus, by administering high concentrations of oxygen to these animals, 
the oxygen saturation of femoral vein blood after twenty-five to thirty minutes 
of aortic occlusion was increased from 11.6 per cent to 16.6 per cent. Further, 
none of the dogs receiving oxygen had any paralysis of their hind quarters, 
and the occurrence of profuse bowel evacuations was greatly reduced. Of five 
dogs receiving supplementary oxygen, two died eight and eleven days, after 
operation respectively, as a result of hemorrhage from the site of anastomosis. 
The other three are living and well 56, 75, and 76 days postoperatively. 

There are certain details of this clamp which can be improved irpon, but 
so far in its experimental use the basic principles of its design have proved 
useful. As further experience accumulates experimentally and clinically, it 
will doubtless be modified and it may be advantageous to make a somewhat 
similar instrument in different sizes for use in patients of varying sizes. 

We are deeply grateful to Dr. James W. Dickey, Jr., and Dr. Louis Shaffner for their 
very generous assistance in operating upon these dogs and carrying out the determinations 
of blood oxygen. 
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DISCUSSION 

DE. HOWAED BBADSHAW, Winston-Salem, N. C.—We tried the clamps Dr. Gross 
had suggested, and we found a great deal of difficulty in holding the aortic ends together. 
With each pulsation, of course, they gave a bit, and sutures pulled out, particularly if, 
as you have noticed in the mode, the lower end of the aorta is diseased. Stitches pull out 

easily in sucli a blood vessel. . , 

We have used the clamp in dogs, and it works well with them. We have not ha 

occasion yet to use it in patients. 
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Any of you who nro interested in this clump can sec it some time during tho meeting. 
It was made by the Department of Physiology, Jefferson Medical College, Pa. I tiui sure 
there nro many wrinkle* thnt can Ih> improved upon, and wo would npprccinto suggestions. 

Wo wauled to get a clump thnt would uot slip and would not Ihj In our way too much. 
It is a very siuiplo idea, orul we do not deserve any credit for originality. We put that 
Handle on so that it is possible to use it at niot»t any nuglu desired. 

This docs hold the severed ends in approximation without any doubt. The clumps can 
be adjusted tightly or loosely, and so far it litis teemed in normal nortn>, at least, la dogs, 
that it ia quite an adequate Instrument for an end to-eiul uunstomo-da of the aorta. 

In tho movie you noticed there was not much left of the upper stump of the nortn, 
and I think it is wise to have a IwMter clump than just un urdiaury stomach or intestinal 
clamp with someone holding it. One can rotate this clamp either way, and put the posterior 
sutures first. 

There ia no doubt about being uhlo to secure un accurate approximation of tho aortic 
ends. Wo have ojwroted upon some fifteen dogs with it, and tho unnstomosis has been 
uniformly satisfactory. Wo have found that—with our very limited oxjiericnce—the time 
thnt ono can clump off the aorta is very vnrinble, and wo think tlmt un oxygen-rich atmos¬ 
phere helps a great den! in prevent lug bind leg jKirnlvhi**. 

DU. STUART W. IIAllltKCflTON, Rochester, Minn.—At tho present time this proco- 
duro is essentially an operation of necessity rut her than ono of choice. For tlrnt reason, I 
bellovo It is important to evaluate it as to whether it is a justifiable palliative operation 
to substituto for resection of the stenosal urea and end-to-end anastomosis. 

Dr. Clngutt has done several of the>e operations, and I am sorry that ho is not here 
to report his experience with this procedure. lie lin* given mo a summary of tho cases 
ho has done, to present to you, which I will read. 

‘‘Our experience with tlie anastomohls of tho subclavian artery to tho thoracic aorta 
in tho treatment of coarctation consists of live cases ut the present time. In each cru-o tho 
patient was explored with tho hope thnt It would bo possible to do tho classical tyq>o of 
operation with excision of tho stenosed area and au end-to-end anastomosis. In these cases, 
cither becauso of tho location or tho extent of tho stricture, it was not feasible to carry 
oat this technique, and in each tho subclavian artery' was used. Tu four cases tho stenosed 
area was ligatod, the aorta was sectioned juht distal to the stricture, tho subclavian artery’ 
was sectioned, the diet til end ligated, tho proximal end rotated over, and an end-to-end 
anastomosis to tho thoracic aorta achieved. In the fifth case tho stenosis of tho aorta was 
not complete. There was a thrill indicating some blood going through the stricturcd area. 
In that case the end of tho subclavian urtory was anastomosed to tho side of the thoracic 
aorta. Tho patients were 34, 31, 28, 21, and 18 years of nge. All had rather severe hyper¬ 
tension la the upper body, with blood pressures ranging from 185 to 230, and ia all tho 
blood pressures in the lower extremities wero low or unobtainable. Tho most predominant 
symptoms worn headache, dizziness, and weakness. Two patients complained of severe weak¬ 
ness in tho legs after moderate exorcise. Three of the patients hnd been referral to the 
clinic for sympathectomy because of a diagnosis of hypertension j In tho other two a diagnosis 
of coarctation hnd been made elsowlioro previously'. 

“Tho postoperative course of threo of tho patients was unevontful, and they' wore 
dismissed from the hospital in good condition. Tho fourth patient lmd a little persistent fever 
and dlod on the thirty-second postoperativo day from bomorrlmge duo to separation of the 
posterior wall of tho anastomosis. Tho last patient is still In the hospital. Her postopera¬ 
tive course lma been satisfactory. All tho patients but ono obtained a satisfactory decreaso 
ia their ana blood pressures post operatively, and simultaneous increased femoral blood 
pressures. The patient who did not obtain such a satisfactory result is tho one in whom 
the end-to-sido rather than the end-to-ond anastomosis was performed. The first patient 
we operated on lind a blood pressure of 230/140 before operation, and when seen recently, 
six months later, his arm pressure wns 152/80 and his leg pressure, 164/86. 

“This group of patients is oldor tlura is desirable for surgery, since ia every case 
there was a rather severe degree of sclerosis of tho vessels. It certainly would bo preferable 
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to operate on younger individuals j however, we have not felt that these patients should be 
denied operation. There has been no difficulty with the left arm resulting from ligation of 
the subclavian artery. The arm is a little cooler and radial pulsations cannot be felt, 
sometimes, for days or even weeks after operation, but there has been no weakness or 
disability and collateral circulation appears to be entirely adequate. 

There are obvious disadvantages to the use of the subclavian artery for the anas¬ 
tomosis rather than making an end-to-end anastomosis of the aorta after resection of the 
stricture. The use of the subclavian for anastomosis to the aorta does not increase the 
vascular bed through which blood is evacuated from the heart, but the resistance is materially 
decreased and allows a more normal adjustment in blood pressure in the upper and lower 
portions of the body. The advantages in the use of the subclavian are that an anastomosis 
can be performed without tension on the anastomosis, and that it is possible to perform the 
operation in a patient in whom the stricture is too long to permit an end-to-end anastomosis. 

“It is much too early to evaluate the end results of these patients. They all have 
had a rather severe degree of arteriosclerosis, and we c ann ot anticipate these blood vessels 
will return to a normal condition. However, the decrease in blood pressure to the upper 
body and the improvement in the blood supply to the lower body should give the patient 
a great deal of protection against cardiac failure and cerebral accidents. Prom our ex¬ 
perience so far, we are encouraged and believe the procedure has a very useful place in the 
treatment of those patients in whom it is impossible to establish an end-to-end anastomosis 
of the aorta, ’ ’ 

DR. JULIAN JOHNSON, Pluladelphia, Pa.—I would like to show some slides on a 
couple of these patients that we have had occasion to operate upon in the last few months. 

(Slide.) These patients both had the so-called infantile type of coarctation, in that 
the coarctation extended over a long area. By actual measurement, the area that had to 
be resected here was in the neighborhood of 1 or 5 cm. Obviously, it would be impossible 
in this patient to do an end-to-end anastomosis. 

In this slide the head is upward, the descending aorta down below. The vessel going 
upward is the large subclavian artery. We were not aware that anyone had used the 
subclavian before, but it was such a logical procedure tknt we went ahead with it. 

(Slide.) This was a 13-year-old boy. As you bring it down, you see the difference 
in the size of the subclavian and the descending aorta, and this boy, where he had a 
previous blood pressure in the neighborhood of 170 over 110 to 120, has dropped down 
now to a blood pressure of 100 over 70, and has good, bounding pulses in his leg. 

(Slide.) That boy 1ms had an excellent result as far as we can see. Now, three 
months later, he has as good a result as he could have gotten by any means. 

(Slide.) On the other hand, here is an lS-year-old boy. The first one had a complete 
obliteration of his aorta. Tlus was not complete. Here you cannot see the subclavian 
up above, but we thought that the subclavian artery was larger than the little stump of 
descending aorta, and so elected to do the same procedure. 

(Slide.) Again, we had to resect about 4 cm. of the aorta. As you see, in this patient 
we thought that there was a greater difference in the size between the subclavian and the 
descending aorta. This boy had an excellent bounding pulse in his feet, immediately after 
operation. The next day, however, it had diminished considerably, although we could still 
feel it. We thought that perhaps he must have had some thrombosis going on at the site. 
It gradually came around again, and within a period of a month after operation had im¬ 
proved considerably. His blood pressure, however, has not dropped to normal. It was in 
the neighborhood of 200 before operation. It has come down to 170, and not returned to 
normal.° We presume that whereas there was some flow through the aorta at the time, we 
are not sure we increased liis blood flow, and have not increased it sufficiently to return 
him to a normal blood pressure. 

DR JOSEPH AY. GALE, Madison, W T is.—Tlie first case which we did about three 
months ago turned out beautifully. IVe did a good end-to-end anastomosis. The coarcta¬ 
tion was about a centimeter below the base of the subclavian. We placed a homemade 
clamp above it 'which worked very well. 
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The individual had systolic pressure of 200 to 220 over HR) noil 110 previous to tho 
operation. Immediately after the operation it fell to normal and linn remained there. 

In tho second fnsc, tho coarctation wan no clone to the subclavian that wo could not 
place a clump above it, no that necessitated utilizing the left suMaviun. There was quite 
a difference in tho size of tho distal aortu and thu sulxrbivian, so wo hrul to cut the latter 
on a bias. Wo performed n fair nnUBtoiuoniH. This 18-yoarnhl patient Jind a blood pressure 
of 170 over 100, following the operation it fell to 120 over 70. This pressure wan maintained 
for three und one-half days, tfinco then it has risen, until now, Jlftren days after operation, 
it varies between ISO and *210. 

I think there is something wrong. I don't know what it in, hut suspect that there in 
a thrombosis at tho site of the anastomosis. 

I would like to ask some of you gentlemen who Imve had more experience what tho 
chance of thrombosis is in these cases. 

Wo did u number of these ojierulion* on dogs, previously, nml it probnblv took us too 
long to perform tho operation, since they all develojied paralysis of tho lower extremities, 
and every one dcvelopetl a thromltosin. Now if u thromlioslH has occurred in our second 
patient, have wo done him uny harm, or will there be some recnnnlixation and improvement 
latcrf Itight now wo are rather discouraged about the outcome of this rase. 

DI{. HOWiUtD T. BAIIKLKY, Houston, Texas.—I just wish to add one case, interest¬ 
ing from tho standpoint of imtliologv. 

This was a jiutient JO yenrs of nge, completely incapacitated by tho most severe 
cerebral hypertension. At ojH’mtiun wo found a grimily thickened aortic wall, nnd at the 
sito of tho resection of tho eon related urea, n thickeued atficreomtous plaque wus encountered 
on tho medial wall of the proximal cut end of the aorta; therefore, wo hud to resect a tri¬ 
angular segment out of the aortic wall, just distal to tho MiMnviun artery, to remove this 
plaque. Anastomosis was accomplished. 

Tlvis patient died forty-eight hours postoperative!}*, with sudden jvaln und shock. Wo 
supposed that our anastomosis bad given away nnd ho iiad bled, but on post-mortem exam¬ 
ination the anuKtomosirt was intact. It was found thnt tho Crnfoord clamps had been 
placed across othor utheromntoua plaques above nnd Wlow the poiut of anastomosis and 
hail fractured tho intirna over these plaques. A mural thrombus had formed, which was 
attached at tho sito of tho fractured intinm ubovo and Mow tho anastomosis hut was not 
attached to tho suture lino. Tho lumen of tho aorta was not occluded, and we wore unable 
to determine tlio cause of death. There was no coronary thrombosis. 

D1L II. BRODIE STEPIIENfl, 8aa Francisco, Calif.—Wo have employed retrograde 
Injections of 35 per cent Diodrast solution to demonstrate couretution of tlio aorta. Wo 
have injected 25 c.e. of the 35 per cent solution into the left common carotid artory. of 
several children nround 4 years of ago where tho diagnosis of coarctation was questionable 
by clinical examination. Tho left common carotid artery is exposed in tho neck und a 
Xo. 18 gauge needle inserted retrogrado into this blood vessel. Tho diodrast solution is 
injected os rapidly ns possible while roentgen films (left lutornl obliquo) of tho chest are 
token in rapid succession during the Injection of the diodrast solution. This procedure is 
carried out under gcnoral anesthesia. An excellent demonstration of tho aortic neck, the 
thoracic aorta nnd tho abdominal aorta is obtained by this technique. Wo have not obtained 
nay ill effects from retrograde injections carried out in tho manner jnst described. 

DR. LOUIS R. DAVIDSON, New York, N. Y.—In discussing tills interesting presenta¬ 
tion of Dr. Bradshaw I should liko to make two observations which, are baaed upon the 
experiences gnthored by Dr. Jore Lord and myself. At Post-Graduate Hospital in New York 
City we havo operated upon different types of congenital lieurts; at Cornell Medical College 
wo havo performed our animal work. In eonsequoneo of our experiences wo hare come to the* 
conclusion, as most of you have, that these strictures of the uorta must bo considered from 
two viewpoints—extent and location. 

It is obvious that a long stenosis of the aorta precludes operation of tho orthodox type 
since the ends of the aorta cannot bo approximated and sutured. At times, even in the 
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so-called average case, it is difficult to Imve the sutures hold in the vascular wall. The 
location of the coarctation also creates problems. In one of our cases, lantern slides of 
which will be shown in a moment, we were quite apprehensive throughout the entire operation 
by virtue of the fact that we had but 3 mm. of aortic cuff projecting from the proximal 
clamp. This clamp just avoided the left subclavian artery. Because of tliis experience 
we have performed the following operation which we hope will obviate this difficulty, thereby 
making the procedure less hazardous. I may say parenthetically that this operation has 
been performed only in the animal laboratory and as yet not upon a h uma n. 

The aorta and the left subclavian artery along u-ith the intercostal arteries are mobilized 
in tlie customary fashion. This holds true for the ligamentum arteriosum. At the start, 
like most others, we were very cautious in our approach to the left vagus and the left re¬ 
current laryngeal nerves. "We have lost our fearfulness and have found that there is no 
apparent disturbance following careful liberal mobilization of these neural structures. When 
the vessels and the nerves have been adequately prepared and particularly the aorta freed 
posteriorly a Blakemore-Crump clamp is placed upon the aorta between the left carotid and 
the left subclavian arteries. Over the distal aorta a Bainbridge clamp is placed and on the 
left subclavian artery a bulldog clamp is applied. Tiiis permits sectioning of the aorta 
flush with the take-off of the left subclavian artery, removing the coarctation distal to the 
section. Then, without rotating the vascular structures, an anastomosis between the distal 
aorta and the aortic arcli is made. We propose this operation for those eases of coarctation 
of the aorta where the problem of applying the proximal clamp arises in consequence of the 
high, stenosis. Dr. Lord and I believe tliis procedure lias certain merits; 

A. High strictures can he readily handled without sacrificing a vessel. 

B. Rotation of the aorta is unnecessary. 

C. Alarming hemorrhages can be avoided. 

Just one other matter: Dr. Maier, I believe, in his presentation, by indirection implied 
that all cases should have an angiocardiogram. We subscribe to that statement quite definitely. 

(Slide.) This angiocardiogram was made for us postoperatively by Dr. Henry K. Taylor. 
You note that the proximal aorta is fully visualized. 

(Slide.) Here one sees the distal aorta well outlined. 

(Slide.) In this third slide we obtained information which, if known earlier, would 
probably have precluded surgery. The loft subclavian artery is not visualized and probably 
is absent. The right subclavian artery arises from the left side of the arch of the aorta. 
One notes a marked collateral circulation with a very markedly enlarged right internal mam¬ 
mary artery. In this case the coarctation was just distal to the left common carotid artery. 
Here, in desperation, because of the location of the constriction, the end of the left third 
intercostal artery was anastomosed to the side of the carotid artery. This patient, 10 years 
of’ago, obviously has failed to show any improvement. Fortunately his condition has not 
been made worse. 

DR. JAMES F. O’NEILL, Winston-Salem, N. C.—Because we stopped the movie be¬ 
fore it had fully run through, I don’t think that we could appreciate the severity of the 
coarctation he had. Looking at it from the outside of the aorta, it did not seem to be 
very great, but after a specimen was excised, the internal lumen of this coarctated area was 
only about 3 mm. 

Second, at autopsy this patient showed marked coronary sclerosis, and a great deal 
of sclerosis in the aorta proximal to the coarctation. This may be a physiological aging 
process, but we are not certain of that. 
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C YANOSIS due to certain typos of congenital heart disease oim now bo re¬ 
lieved surgically in a fair percentage of cases. It must be denionstnitisl 
that the patient bus an insuflleient How of blood to the lungs as manifested by 
cyanosis, increased red blood cell count, increased hemoglobin, decreased oxygen 
saturation of arterial blood and a markedly decreased tolerance for exercise 
for the condition to be suitable for surgery. In patients with typical pulmonary 
stenosis as part of the syndrome of the tetralogy of Fallot, x-ray and Iluoroscopie 
examination should reveal: a fairly typical Imot-slmpcd heart with a concavity 
in the region of the pulmonary conus on the left, a "pulmonary window" in the 
right anterior oblique and left anterior oblique views, and absence of pulsations 
in the hilar regions of the lungs. A barium swallow will usually reveal whether 
the aortic arch curves to the left or to the right. A concavity in the barium on 
the left side of the esophagus indicates a left aortic arch and a concavity on the 
right aide indicates a right aortic arch. The electrocardiograph in these patients 
must show u deviation of the axis to the right. In children with tricuspid 
utresin the heart is likely to be rather globular and slightly flattened on the 
right in the region of the right ventricle. The electrocardiograph in such pa¬ 
tients shows a deviation of the axis to the left. A cyanotic child with a large 
heart or a prominent pulmonary conus, with increased hilar markings or visible 
pulsations in the lung fields on Iluoroscopie examination docs not full in the 
operable group. 

Operative success will depend upon an accurate diagnosis of the typo of 
congenital heart disease and a careful selection from this group of those who 
may lie benefited by surgery. The diagnostic work at the Children’s Memoriul 
Hospital is done by Dr. Stanley Hibson. lSecau.se of publicity it is quite nulural 
for each mother of a cyanotic child to anticipate that her unfortunate youngster 
can lie successfully oporoted upon. This Is far from the truth. In our expe¬ 
rience approximately one-half of the children with varying degrees of cyanosis 
duo to cardiac abnormalities have conditions which are unsuitable for operation. 
Even so, we huve operated upon u number of children in whom the diagnosis was 
questionable but whose condition was such that exploration was indicated since 
surgery offered the only chance for survival. 

Following the outstanding work of Blulock and Taussig 1 in this field of 
surgery, interest in these hitherto hopeless cyanotic children has revived. In 
a largo series of patients they havo been .successful in transforming anoxic chil¬ 
dren from helpless to huppy and fuirly normal individuals. To increase the 
How of blood to the lungs, Blalock anastomoses ono of the largo systemic vessels 

Prom the Children'* Memorial Hospital and from the department of experimental aui-aery- 
Northwestern Unlvertdty Medical School, Chicago, ill. 

Head at tho Twenty-sovcnth Annual Meeting- of The American Association for Thoracic 
fcuriery, St Loui*. Mo, May 38, 39 and 30, 1»47. urucic 
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to a pulmonary artery. Use of the subclavian lias resulted in no permanent 
damage to the arm but use of the innominate or carotid arteries has led, in a 
certain percentage of cases, to transient or permanent damage to the brain. 
Because of this danger, it occurred to me that it might be possible to establish 
a ductus arteriosus between the aorta and a pulmonary artery if by some means 
a fair portion of the blood could be allowed to flow through the aorta while the 
anastomosis was being made. In November, 1946, a new procedure for the 
relief of cyanosis due to pulmonary stenosis was published with Drs. Smith and 
Ctibson. 8 The principle worked out in the experimental laboratories at North¬ 
western University Medical School involved in the use of a clamp which en¬ 
circles the aorta and pinches off a small lip of it to which a pulmonary artery 
can be anastomosed. At the same time the clamp allows plenty of blood to 
continue to flow through the partially constricted aorta (Fig. 1). Although the 
teelmique has remained substantially the same as previously described, a few 
details and their significance are worthy of note. 



Fig. 1-—Aortic clamp. 


I cannot emphasize too strongly the importance of expert anesthesia. All 
patients operated upon hi this series were anesthetized by Dr. William 0. 
McQuiston. Cyclopropane has been the anesthetic agent of choice because of 
the high concentration of oxygen that can be given with it. Ordinarily these 
patients become less cyanotic as soon as the anesthesia is begun. The actual 
technique of anastomosis will be tremendously aided by the anesthetist who is 
able to stop reflex respirations and “breathe for the patient” by rapid inter¬ 
mittent pressure on the anesthetic bag. This maneuver stops all movements 
of the diaphragm and allows the aorta and pulmonary artery to lie absolutely 
motionless. Curare in small amounts has been of great assistance in con¬ 
trolling respiration. 

It will be noted from the illustration (Fig. 2, E) that the posterior row 
of sutures apposes the aorta to the pulmonary artery, adventitia to adventitia. 
There was considerable skepticism in our minds about the propriety of this 
tvpe of suture because it has long been wisely preached that hi blood vessel 
surgery intima should be sewed to intima. In this operation it is technically 
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impossible lo suture the posterior row intiiim-to-iiitinm. .Mieroseopie study of 
sections cut from the wiills of the uinistoinotie rluiiutels produced in dogs in- 
dicutcs tlmt it is imnceessurv in mirtic-puliuouiiry liimstomosis to ttppose tho 


B 





V/jV'L.v*ntricl a 

- p;)S|i' Urium ■ 
~^ ou ^ c 

•/ turc3 around 

I pulmonary art. 

L ' 

/ Aorta 

Gau^a over 
collapsed lung 



the vessels intimu-todntimn. The difference in blood pressure in the aorta and 
the pulmonary artery is so great that the constant strong flow of blood through 
the new channel will keep it open. Within a short time a surface clot is 
formed over the rough edges and the exposed silk. This layer of fibrin in 
turn is rapidly covered with endothelium. While 1 do not wish to say that 
intima-to-intima suture in geuernl is not preferable, I do not believe that it 
makes any difference in this operation - where the differential in pressures is so 





226 


THE JOURNAL OF THORACIC SURGERY 


great (Fig. 3). In all of the children who have survived surgery, there has 
been a persistent soft murmur in both systole and diastole indicating that blood 
is continually flowing through the newly formed channel. 

The patient with a left aortic arch is laid on the operating table on the 
right side and the chest is opened by an incision through the left fourth inter¬ 
space. A patient with a right aortic arch is approached from the right side 
through a similar incision. Ample exposure is obtained without resecting or 
cutting any ribs. The left or right pulmonary artery, as the case may he, is 
freed from the hilus of the lung. The left pulmonary artery is longer than 
the right and does not divide into branches as near the main pulmonary artery 
as does the right. At the beginning of the • dissection it may appear in some 
patients with right aortic arches that the pulmonary artery is too short for a 
suitable anastomosis to the aorta. Persistent dissection proximally to the peri¬ 
cardium and meticulous freeing of the adventitial adhesions allow adequate mo¬ 
bilization of the pulmonary artery. Thus far we have encountered no instance 
in which an anastomosis was technically impossible, provided the pulmonary 
artery was of sufficiently large caliber. In four patients with right aortic 
arches successful anastomoses were performed. The tremendous variations in 
the caliber of the pulmonary arteries from normal size to a few millimeter's in 
diameter are unpredictable preoperatively. If the pulmonary artery is less 
than 3 or 4 mm. in diameter, anastomosis will be difficult and the wisdom of 
attempting it will be questionable. The small tortuous veins overlying the 
pulmonary artery and aorta in practically all cases must be dissected off. This 
not infrequently occasions slight oozing of dark blood which obscures the field. 
We have discontinued the use of sponges in the chest because they cause trauma 
and fail to pick up the blood caught in the meshes of loose adventitia. Instead, 
with a 50 c.c. bulb syringe, physiological solution of sodium chloride is forced 
in a stream over the operative site and is removed by suction. This procedure 
not only washes away the excess blood but brightens the structures and makes 
possible their identification. After the pulmonary artery has been identified 
and well freed from its bed, doubly encircling ligatures of fairly heavy silk 
are placed around the proximal and distal portions and about any intervening 
branches. These Jigatures are well oiled to prevent them from sti cking jn the 
adventitia. The ligatures are left loose ancTlaid'aside while the aorta is ex- 
posed'and dissected from its bed. A fairly heavy layer of adventitia is left 
attached to the aorta so as not to interfere with its adventitial blood supply. 
The number of intercostal arteries requiring ligation and cutting varies greatly 
from one to twelve. The average is about five^ 

The medium-sized clamp previously described is used for most patients. 
The small clamp has been used on children below one year of age; the large 
clamp on one child 12 years of age. The anastomosis will be simpler technically 
if a fairly large lip of aorta is clamped off. Palpation of the aoi'ta distal to the 
clamp will reveal a definite thrill if sufficient blood is going through after the 

clamp has been tightened. . ' r 

The incision in the aorta is made from 5/16 of an inch (S mm.) to . , 
of an inch (6.3 mm.). In each case the opening is carefully measured with a 
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caliper. In the last six patients we have made the incision in the uortn T/1G 
of an inch (G.G mm.). Since the immediate postoperative results have been 
just us good as in those patients who have a larger opening, we are naturally 
inclined for the moment to continue with the smaller incision. The unastomotie 
channel should he large enough to relieve cyanosis but not large enough to 
embarrass the heurt. What the optimum diameter of the newly formed ductus 
arteriosus should he can only lie determined by the study of patients post- 
operatively over a period of yours. In one child, extremely cyanotic, with a 
red blood cell count above 10,000,000 the incision in the aorta was mude G/1G 
of an inch (9.5 nun.). Although the child has been completely relieved of all 
visible cyanosis the very loud ''humming top” murmur mukes us fearful that 
in the course of years she will have difficulty I a 1 cause of excessive strain on the 
heart. However, to dute there hies lieou only the usual moderate amount of 
cardiac enlargement seen in all patients post operatively. 



Fig. 3.—Microscopic section, VerhofTH atuln, magnification X6G, taken from anastomotic 
channel 8 days nflrr aortic-pulmonao' unuhtoinonU In a dog. Thu auction Lx cut trnnsvenKiIy 
from the po»terlor edge of tho anastomotic channol whore thu vessels wen* sowed together 
advenlHSiv to adventitia. A, Intlmtu B, Adventitia. Tho elastic tissue In tho media Is stained 
flack. Tho upper layer is tho pulmonary' artery nml tho lower layer is tho aorta. Note that 
tho silk sutures (Indicated by arrows) uro burled nnd completely covered with Intima. 

A slight modification in tying the pulmonary artery to the clamp lias 
liccn made and it simplifies tho technique (Pig. 2, I)). Instead of tying the 
pulmonary artery to tho anterior lip of the clamp only, one end of tho ligature 
is earned through the posterior lip of the clamp first and then through the 
anterior. The other end of the ligature is threaded through the same lips in 
the opposite direction. This brings fhc pulmonary nrtoiy to tho aorta in 
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better position for anastomosis. The ligatures are drawn snug and tied while 
tlie assistant presses the pulmonary artery against the clamp~witITa right angle 
forceps. The ligatures not only shut off the blood supply but also°hold the 
pulmonary artery in position for anastomosis. 

The cut in the pulmonary artery is made a little smaller than the cut in 
the aorta because during suture it tends to stretch. The anastomosis is made 
with fine 5-0 Deknatel arterial silk on a No. 9 curved atraumatic needle employ¬ 
ing a continuous over-and-over running suture. The method of sewing has 
not been changed. Upon release of the ligatures and clamp, there has been 
very little bleeding from the suture line. Except in one case in which there 
was brisk bleeding at the lower angle of the anastomosis, no extra sutures 
have been necessary. The clamp was reapplied and the bleeding stopped with 
one suture. Palpation of a thrill at the anastomotic channel gives comforting 
reassurance that blood is flowing through the new channel into the pulmonary 
artery. 

Upon completion of the anastomosis, the lungs are carefully re-expanded by 
the anesthetist. A drainage tube is put in every patient through a small stab 
wound between the ribs in the sixth interspace. A Pezzar catheter with all of 
the tip cut off but the flange is pulled through the chest wall from the inside 
out and attached to a water seal as soon as the patient is returned to his room. 
The catheter is left in three days. The policy of putting a drainage tube in 
the chest in all patients is the result of a death due to tension pneumothorax. 

When- the operation has been completed and the dressings have been ap¬ 
plied, the patient is slowly turned from the lateral to the supine position. 
Sudden shifts in position have on two occasions caused marked changes in the 
pulse and blood pressure due presumably to mediastinal shift. As soon as it 
is apparent that the respiration, pulse and blood pressure have stabilized, the 
patient is returned to his room and placed in oxygen for twenty-four to forty- 
eight horn’s. 

To date, aortic-pulmonary anastomosis has been performed on twenty-six 
patients with pulmonary stenosis (tetralogy of Fallot) and on three patients 
with tricuspid atresia, a total of twenty-nine patients. There have been four 
deaths, or a mortality of 13.8 per cent (Table I). The causes of death were, 
as follows: a girl, aged 12, died fifteen horn’s after operation. Post-mortem 
examination revealed fresh cerebral thrombosis of the upper portion of the left 
postcentral gyrus. A scar in the right frontoparietal region was the cause of 
hemiplegia during infancy. A 20-month-old child died eighteen hours after 
operation without regaining consciousness. Post-mortem examination revealed 
an area of softening in the left temporal region. From gross examination to 
date it is impossible to say whether this is an old or a fresh lesion. The child 
had had hemiplegia at the age of 15 months. The causes of death were anoxia, 
shock and cerebral thrombosis (?). The third death in a 4-year-old girl twelve 
horn’s after operation was due to tension pneumothorax. At operation an un¬ 
suspected tuberculosis was found in the left apex not demonstrable by x-ray 
examination. Presumably the lung was opened during the process of freeing 
it from the parietal pleura. Although the lung expanded normally at the 
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close of operation, at postmortem examination it was completely collapsed and 
the heart lmd been shifted to the right. In all these patients tho anastomosis 
was intact. The fourth death in a 33-month-old hoy occurred three days after 
operation. During the operation before the clam]) was applied to the aorta the 
systolic blood pressure rose to 152 mm. Hg and the diastolic pressure to 
120 mm. Kg. .Application of the clump caused n rise in the systolic blood 
pressure to 1U2 mm. llg. Postoperntively he was extremely restless, breathed 
very heavily and complained of excessive thirst. A presumptive diagnosis of 
hemorrhage in the hypothalamus was made. Post-mortem examination unfor¬ 
tunately was denied. 

Five operations on four patients proved to he exploratory only. One had 
an Eiscnmengcr complex not amenable to surgery; the others lmd such small 
pulmonary arteries that anastomosis was impossible. Two of the latter died. 
At post-mortem examination, atresia of the pulmonary artery was found in both 
cases. All of the blood to the lungs was carried by bronchial arteries arising 
from the arch of the aorta for the right lung and from the descending portion 
of the aorta for the left lung. 

While the mast suitable age for operation is probably between 3 and 7 
yeurs, we linvo performed anastomoses in thirteen children who were ltelow 
3 years of age (Table II). Successful anastomoses were performed on two 
children ltelow one year of age; one four montlis and one (i months. 
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EXPLANATION OF PLATE 
(Sketches rendered for publication by Lawrence B. Benson) 

The plate depicts a series of injected right upper lobes designed to show typical varia¬ 
tions of the bronchopulmonary segments. Each specimen is represented by a view of the 
medial surface of the lobe, its costal surface, and a mediastinal view of the bronchial tree 
(apex to the left). The specimens have been drawn with the source of light to the upper 
right. For identification of the ridges on the medial surface, see Fig. 3. 

Bronchial pattern: 


Br, apical segmental bronchus 
Bin, apical ramus 
Bib, anterior ramus 
Bi, anterior segmental bronchus 
B2u, posterior ramus 

Baal, superior branch 
B=a2, inferior branch 
B-b, anterior ramus 
B*, posterior segmental bronchus 
B 3 a, apical ramus 
B 3 b, posterior ramus 

Fig. 1.—Injected specimen (No. 32) with trifurcate upper lobe bronchus, illustrating 
(1) the prevailing pattern of the lobe, and (2) some anterior displacement and spreading of 
the B‘ segment. 

Fig. 2.—Injected specimen (No. 26) with V-shaped trifurcation, illustrating (1) an 
accessory anterior bronchus, BX‘b, (2) the separate origin of the components of the posterior 
segment, B->« and B^b. The latter arises coordinate^ with B* and therefore represent a 
transition to the “ quadrivial' ’ type of branching found in 16 per cent of dissected lobes. . 

Fig. 3.—Injected specimen (No. 21) with bifurcate bronchus illustrating a stage in the 
separation of the components of BU Here B*b arises coordinate^ with bronchus B‘a^a. 
There is also an accessory anterior bronchus, BX>b. C.a., Crista anterior; C.i., Crista inter- 
fissuralis; C.p., Crista posterior; C. s.. Crista subelavia. 
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of au accessory npieul-untcrior bronchus, BX'b (28 per cent) ; (2) un anterior 
rotation or spreading of the apical segmental bronchus (14 per cent); and (3) 
tho soparato origin of the two components of tho posterior segmental bronchus, 
B'a and B’b (20 per cent). 

1. The Accessory Apical-Anterior Bronchus, BX'b.— The specimens depicted 
in Figs. 2 and 3 have been selected to demonstrate, among other things, tho 
development of a major accessory bronchus, BX'b. Tho term “X” has been 
applied to a bronchus which arises as an additional or accessor}' branch of one 
segmental bronchus to supply a territory usually served by the ramus of another 
segmental bronchus. Tints, in Fig. 2 it can be seen that the segmental area of 
tho lobe usually supplied by the antorior branch of the apical segmental bron¬ 
chus, B'b, is supplied, in this instunee, by a large branch of tho anterior seg¬ 
mental bronchus, B 3 . This branch has been designated BX’b.* 

Similarly, in Fig. 3 the anterior-apical zone, extending well into the apex, 
is supplied by BX’b, tho accessory branch of the anterior segmental bronchus. 
In this specimen BX'b gives off a branch that ventilates an area usually sup¬ 
plied by the superior branch of tho posterior ramus, B 3 al. Accordingly, the 
designation of U’al has been preserved. The rest of the B’a ramus (the in¬ 
ferior branch, B 3 a2) arises “normally” from the anterior segmental bronchus. 
(In the left-hand sketch of Fig. 3, B 3 n2 is labeled B 3 a, tho final “2” having been 
inadvertently omitted.) 

2. The Anterior Rotation or Spreading of the Apical Segmental Bron¬ 
chus. —Although dissection of fifty specimens has shown that in 14 per cent of a 
relatively largo number of lobes, one might expect to find B'b extending far 
enough down toward tho anterior nuglo of tho loho to toko over tho territory 
usually supplied by the upper branch of B 3 b (cf. Boydon and Scanned, Plate I, 
Figs. e. and f.), none was found in the present series of tlurtcon injected speci¬ 
mens. However, Fig. 1 of this urtielo may servo to demonstrate tho trend of the 
variation, in that tho area served by tho antorior branch of the apical bronchus 
extends well along tho anterior margin of tho lobo. However, it docs not reach 
the point which, on the basis of a relatively largo number of dissections, we 
have set as the "normal” inferior limit of B'b—namely, a point two-thirds of 
the way from the apical-anterior notch to tho inferior angle of the lobe.t When 
B'b extends below this point, it takes ovor the territory supplied by B 3 bl, and 
that ramus is absent. A surface view of such mi anomalous spreading of tho 
apical segment may lie seen in Fig. 19c. of Brock’s monograplL 0 

3. Tho Separate Origin of the Components of tho Posterior Segmental 
Bronchus, B'a and B'b. —Tho third striking valuation found in the analysis of 


,, , It IntereaUnff to compare Fir. 2 of thl* paper -with Brock'* flffuro 19o (p, 21)A In 

the latter a imaU apical segment j* recorded as occupying- an anterior-apical xonc wbllo moat 
or tho apex U occupied by an expanded posterior segment. The pattom of the two figures 
a « T £5* *o well In essentials that It »ccm» likely that what ho has called the apical bronchua— 
probably on tho baaii of It# being tho more anterior of two main ascending trunks—wo would 
c * u on accessory branch of the anterior segmental bronchus. Tho true apical bronchus, B’a. 
{J* determined by tho area ventilated, would seem to ariso In conjunction with part of tho 
POiierior augment. 


notch In question la that Indentation which Is caused by tho flrat rib and marks tho 
‘f’insUlon between tho apex and the anterior margin of tho lobe. Although In many specliYiens 
t* a relatively shallow Incisure, It is generally definite enough to servo as a reference 
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fifty dissected specimens was the separate origin of the components of the pos¬ 
terior segmental bronchus. (This occurred in 20 per cent of the lobes dissected.) 
The specimen depicted in Fig. 2 demonstrates this variation. In this instance 
the upper lobe bronchus bifurcates, although a study of the keel in the orifice 
shows that the branching is a modification of the type designated by Appleton 1 
as a V-shaped” trifurcation, i.e., more like the type found in the left upper 
lobe. The three components have been interpreted to be B'a +3 a, B 3 b, and B 2 
(with its accessory branch BX x b). If the branching of the lobar bronchus he 
strictly considered as a bifurcation, then B 3 a goes with the B'a half, and B 3 b 
with the B 2 component. The criterion which identifies this bronchus as B 3 b and 
not B 2 a is the position of the main axis of B 3 b in the prevailing pattern; for 
in fifty-four of the sixty-three specimens (fifty dissected and thirteen injected 
lobes) in which this anomaly did not oecur—i.e., separate origin of the B 3 com¬ 
ponents—the main axis of B 3 b lay posterior to the interfissural crest.* Such 
is the position of the bronchus labeled B 3 b in Fig. 2. On this basis, therefore, 
it could not be considered a B 2 a. Furthermore, there is a recognizable B 2 a 
already present in this specimen. Third, in this group of thirteen injected 
specimens and in the fifty dissected specimens, B 2 a has never been found arising 
coordinately -with B 2 b at the level of the lobar bronchus. 

Another possible interpretation would be to identify the B 3 b in question 
with an independent lateral (or axillaiy) segmental bronchus which has been 
described by several earlier uniters and more recently by Lucien and Beau. 8 
However, in our own and other extensive recent series of dissections the occur¬ 
rence of such a relatively independent “lateral” segment has been found to be 
uncommon. 1 ’' 1 - 5 Although the clinical implications of the term “lateral” or 
“axillary” segment might be useful, logically one would have to give separate 
names to any of a number of subsegmental bronchi whenever they arise at the 
level of the lobar bronchus. Furthermore, the “axillaiy” area, as Brock has 
emphasized, normally receives contributions from two segments, B 2 and B 3 , in 


varying proportions. 

Comparison of Figs. 2 and 3 reveals another interesting point in the ar¬ 
rangement of the bronchi of the right upper lobe. While B 3 a and B 3 b arise 
independently of each other in both these specimens, they have different rela¬ 
tions to adjacent bronchi. In Fig. 3, B 3 a is joined ivith B’a and forms an 
apicoposterior trunk suggestive of the left upper lobe. In Fig. 2, however, B 3 b 
has been displaced downward to a degree rarely, if ever, found on the left side; 
consequently, the specimen represents a form transitional to a new pattern which 
we have described in 16 per cent of right upper lobes. This is the “quadrivial” 
type of branching in which B 1 (or B'a) arises coordinately with B 3 a, and B 3 b 
with B 2 , the two pairs of orifices being separated by only a shallow keel (cf. 
Boyden and Scannell, Plate I, Figs. / and i ). The separation of the two com¬ 
ponents of B 3 thus leads to one of the most striking variations in the bronchial 


pattern. 

~ TV o,, r „ ; fq qurface branches may overlap the crest anteriorly. Thus In ten injected 
; *To be sure its surtace “^“^hory of B’b, and In two others within the area of B-a- In 

th^r^mahiing on?. 1 associated with an extremely small middle lobe, no crest could be demon¬ 
strated. 
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SUMMARY 

A scries of thirteen right ti|)]ier lobes hns been studied by differential injec¬ 
tion mid subsequent dissection of tile segmental bronchi. Tlie prevailing pnttern 
of the bronchopulmonary segments, namely, apical, anterior, and posterior, hns 
been described and demonstrated. The three common variations of the seg¬ 
mental pattern have been discussed and illustrative specimens presented. These 
variations are: (1) the occurrence of an accessory apicountorior bronchus, 
BX'b; (2) tile anterior rotation or spreading of the apical segment; (3) the 
sopamte origin of the component bronchi of the posterior segment, lending to¬ 
ward quadrivial blanching of the right upper lobe bronchus. 
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COLLATERAL VENTILATION 

P. R. Baarsma, M.D., and M. N. J. Dirken, M.D. 
Groningen, Holland 


INTRODUCTION 


T N AN early period of histology, doubt arose as to the uninterrupted lining 
1 . of the alveoli (Addison, 1 Rayney, 2 Bakody, 3 Donders, 4 Eberth, 8 and 
Virchow 8 ), Henle 7 drew attention to the fact, that, as a result of this incomplete 
lining, communications exist between adjoining alveoli by means of “kreisrunde, 
scharfrandige Oeffnungeii ’’ (circular, sharp-edged apertures). On the other 
hand, with the help of extensive photographical material, Koelliker 8 put for¬ 
ward the opinion that the interstices between the capillaries of the lungs were 
filled by irregularly formed flat cells, extending over the capillaries themselves. 
According to Bargmann, 9 this work of Koelliker has been the foundation for all 
that was taught in hand- and textbooks concerning the lining of the alveoli, for 
decades. 

In the meantime, Ivohn 10 showed (with pneumonia patients) the occurrence 
of fibrinous threads running right through the alveolar wall. In 1894, Miller, 11 
from his extensive anatomic studies, concluded that alveolar stomata, if found, 
are artefacts arising from fixation or by some other means. To this view 
Laguesse 12 and Oppel 13 later subscribed. At this same time, however, Hauser, 11 
Hansemann, 13 Nicolas, 10 Merkel, 17 and Schultze 18 found distinct apertures in tlie 
alveolar wall of human beings and various mammals. In 1929, Macklin 10 pub¬ 
lished an investigation in which he denied the existence of these apertures, but in 
1934, on the strength of extensive investigations making use of the latest tech¬ 
nical developments, he came over to the opposite view. This author investigated 
the lungs of human beings from 2% to 80 years of age, and found the “alveolar 
vents” much more frequent than had been assumed. Adams and Livingstone, 20 
Joannides, 21 and Seemann 22 later confirmed the occurrence of alveolar stomata 
in mammals and in man, the latter author suggesting the possibility that these 
stomata might possess some physiologic significance. 

The morphologic observations, which indicated the existence of communica¬ 
tions between adjoining alveoli, found confirmation in clinical observations 
and in the results of experiments by van Allen and his collaborators. 23 ' 28 On 
the clinical side, van Allen, Coryllos, 20 ' 32 and Huizinga 33 have pointed out that, 
upon obstruction of a bronchus, atelectasis occurs only when access to an entire 
pulmonary lobe is obstructed in this way. If the obstruction affects only part 
of a lobe, no atelectasis occurs; therefore, the air must have some roundabout 
way left by which to enter the obstructed part of the lung. Experiments by 
van Allen, Lindskog, and Richter and by Kourilsky and Anglade 34 on experi¬ 
mental atelectasis have brought confirmation of this, but have, at the same time, 
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made it clear tliut atelectasis fails to appeal' only when no inflammation occurs 
in the obstructed part. Any inlluniniution, however small, is sufficient to stop 
tho collateral access of air mid make possible the development of an atelectasis. 

Of the experiments described by van Allen, the mast impressivo is that 
which ho carried out in collaboration with Jung. 2 * A eathoter was introduced 
in a dog, obstructing the bronchus of tho lower lobe just past tho first bifurca¬ 
tion. Tho free end of tho catheter was kept under water. At every inspiration, 
water was sucked about 5 cm. into tho catheter. At every expiration, however, 
air bubbled out of the opening of the catheter, and this occurred us long as the 
experiment lusted. If, on the other hand, the catheter was introduced in such 
a way as to make tho obstruction localized before tho first bifurcation of the 
bronchus of the lower lobe, so that, tho entire lobe could only ventilate through 
tho catheter, air escaped from the immersed end only once. This, indicated, 
therefore, that n collateral access of air, outside the obstructed bronchus is pos¬ 
sible. A necessary condition Ls, however, that there is a free communication 
of part of the loho with tho air outside. 

As the existence of tho alveolar stomata has been criticized from histologic 
quarters, so there exists also a possibility that tho collateral access of air, here 
described, is only an artefact. Tho wall of the alveoli, in between the capillaries, 
is, doubtless, extremely thin, and proof only against vory slight pressure. In 
his animal experiments, von Allen found that under normal inspiration in the 
obstructed part of the lobe, a pressure of -5 cm. water occurred. In the clinical 
cases in which obstruction by a foreign Iwdy must lmvo caused a strong tussal 
stimulus, tho difference in pressure between the obstructed and tbo non- 
obstructcd lung tissue must lmvo been temporarily still much greater. It can 
bo imagined readily that the delicate alveolar wall may break down in somo 
places. All this, however, does not diminish tho great importance that collateral 
access of air undoubtedly cun occur in pathologic eases. 

Under normal respiratory conditions, tho difference in pressure between 
tho outside air and tho air in tho lungs, according to the calculations of 
Rohrer“ and according to the experiments of Bnyliss mid Robertson 1 * amounts 
to only a few millimeters of water, so tho difference in pressure between con¬ 
tiguous lobuli must be still less. 

In order to ascertain whether, during normal respiration, tho existence of a 
collateral ventilation by the side of bronchial ventilation of tho lungs must be 
assumed, It is necessary to keep the differences in pressure on both sides of the 
alveolar wall extremely small. Staffing from van Alton and Jung’s experi¬ 
ments described above, wo have tried to verify in this way tho existence of 
collateral ventilation during normal respiration. 

METnOD 

The experiments wore mndo on rabbits in urotbane narcosis (1 gr. per kg.). The 
snuitl diameter of the bronchial tubes of these animals precluded the ns© of an inflated 
mtheter, as used by Coryllos and others. At tho end of a somiflexiblc cntlieter o (Fig. 1) 
a hollow cylinder of laminaria a was fixed by means of a copper ring b. On introduction into 
the bronchus, tho laminaria-cylinder absorbed moisture and began to expand, and tho part 
under b, being unablo to expand, acquired a fonnel shape. The free edgo of the fnnnel 
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pressed into the mucous membrane and provided an airtight fitting; at the same time, how¬ 
ever, the opening of the catheter was rendered free of the wall, so that there could ho no 
chance of its getting choked up. The catheter was introduced by means of a tracheotomy 
opening, with the help of the bronchoscope, after Briinings. When the end of the catheter 
had been brought to the place determined beforehand, a few minutes ’ interval was allowed 
for the laminaria cylinder to swell, in order to fix the catheter, then the bronchoscope tube 
was withdrawn. On completion of the experiment, both the position and the fitting were 
variably examined in the excised lungs. 

By means of the catheter A (Fig. 2) and the rubber-tube fixed to it, the part of the 
lung thus cut off- was connected with the air- chamber of the bottle B, which was partially 
filled with water. Further connections existed between this chamber and the optic manometer 
F, and the electromagnetic valve D, the latter regulating the connection with the volume- 
recorder F. The manometer, recently described by us, 3 ? had an excursion of 1 cm. for 0.3S 
cm. water pressure, the volume recorder gave 2.1 cm. on the photographic paper for every 
cubic centimeter. 



/ 

'a 

Fig. 1. 


If, on inspiration, the valve D were shut, a negative pressure would develop in the sys¬ 
tem, the height of which would, breath excursions of the test object being equal, depend on 
the volume of air present in the bottle B. TIub volume was adjusted before each experiment 
by means of tho bottle C. Now, if, at the beginning of expiration, valve D were opened, the 
volume-recorder would be sucked in if pressure in the system were still below the atmospheric 
pressure, but after that it would rise to the original position. If, however, collateral ventila¬ 
tion did exist, air must have entered during inspiration, ns a result of the difference in 
pressive between the cut-off part of the lung and its surroundings, and during expiration 
when the pressure in the system equaled that of the atmosphere, this air must have escaped 
toward the volume recorder, S. For a quantitative measurement of tho extent of collateral 
ventilation, it was necessary that the valve D be shut exactly at the beginning of each in¬ 
spiration and opened at the beginning of each expiration. For this purpose, the abrupt 
fluctuations which the negative thorax pressure shows at the beginning of in- and expiration 
lent themselves excellently. 

For this, the pleura cannula, as described by Dirken and Heemstra, 38 was used mostly 
in the right half of the thorax and connected with the water manometer G. In the short leg of 
this manometer lay a small plug of cotton wool h. This plug, pressed upward or downward by 
the very first movements of the water column on inspiration and expiration, closed or opened 
a mercury contact by means of a lever. The contact point had an excursion of only a few 
millimeters; the plug of cotton wool was small enough to let the water pass at a further ex¬ 
cursion of the water column. Through the interconnection of the relay II, the valve D was 
operated by the mercury contact. 

RESULTS 

A. Model Experiments.—In order to get an insight into the value of various 
factors that may play a part in collateral ventilation, a number of model experi¬ 
ments were made. For this purpose the same apparatus was used, but the 
experimental animal was replaced by a small, electrically driven pump, while 
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the valve D wils operated by means of a sliding contact on tho crankshaft of tho 
pump. Fig. 3, .4 gives a representation of a curve thus recorded, which was 
taken with a small air content of tho bottlo B, so that largo lluctuations of 
pressure wore tho result (upper curve). As-tho quantity of air in the system 
docs not increase or decrease, the volume recorder (lower eurvo) remains at tho 
same level. This condition would exist, according to van Allen, in tho ventila¬ 
tion of tho pulmonary lobes, as theso do not possess a communication with other 
carts of the lung outside the bronchi. 



The collateral ventilation was imitated by placing u capillary side tube be¬ 
tween the pump and tho end of the catheter, so that by this narrow com¬ 
munication the system was in contact with the air outside. A numlier of 
recordings wore niado with differing air contents of the bottle B. In Fig. 
3, B, the decreasing air content of B from the increase of the negative inspira¬ 
tion pressure in successive experiments limy bo seen. At tho same time, it is 
evident, however, that more uir is sucked in collaterally through the capillary 
as tho negative pressure during inspiration increases. When the values obtained 
from this eurvo are set down hi a diagram (Fig. 4), there appears to bo a 
rectilinear correlation between the height of tho negativo pressure prevailing 
in the system and tho quantity of collaterally sucked-in gas. Increasing the 
frequency from thirty to sixty strokes a minute gives no changes in the quantity 
of air sucked in collaterally. An increase of the stroke volumo causes an in¬ 
crease of tho quantity of gas sucked in collaterally, because with ono and tho 
same content of tho bottlo B tho height of tho inspiratory negative pressure 
depends on tho stroke volume. The collateral gas supply is mainly determined 
by the resistance (by the diameter of the capillary used) ns appears from Fig. 5, 
where capillaries of a diameter of 0.5, 0.6, and 0.85 mm. have been compared. 

From this figure it is clear, moreovor, that if tho resistance of the com¬ 
munication should chaugo with tho differences in pressure, the resultant lino 
should not be straight but curved. 
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B. Animal Experiments .—In some twenty experiments, tliu laminaria end 
of the eatheter wits introduced into either the right or the left bronchus of the 
lower lobe, past tbe upper bifurcations to the lower lobe with the help of a 
bronchoscope. After the laminaria funnel had expanded, the cut-off part of the 
lung was first connected directly with the volume recorder so as to ascertain 
the degree of ventilation (Fig. (i, «). Next, the catheter was connected with 
tho a p para tins represented in Fig. 2. and recordings were made, the air content 
of the liottlo U being reduced euch time (Fig. li, li-f). It is evident that the 
content of the volume recorder increases more quickly as the difference in 
pressure developing during inspiration between the cut-off part of the lung 
and its surroundings increases. Since the apparatus was tested for leuks before 



the experiment, and as the airtight fitting of the catheter in tho bronchi was 
cheeked on its completion, tho only possibility is that the communication is to bo 
found within tho lungs themselves past the end of the catheter. In Fig. 7 the 
quantity of air supplied collaterally per minute in such an experiment, has 
been entered, against tho corresponding inspiratory pressure. In all experi¬ 
ments, these points were found to bo grouped about a straight lino going through 
tho zero point in most cases; in only a few eases a negative pressure of 2 mm. 
water was required before collateral suction occurred. Then, too, however, 
there existed a fixed proportion between gas supply and pressure. 

In tho individual experiments, a large difference in tho incline of the luie 
did exist, that is, a difference in the intensity of the collateral air supply at ono 
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and the same pressure. This was to be expected, as it is probable that the 
extensiveness, of the cut-off part of the lung and, therefore, the contact with 
the surrounding tissue, varied in the several experiments. In order to be able 
to compare the results in some measure, it was supposed that there is a relation 
between the size of the lung area connected with the catheter and its changes in 
volume during respiration. For this reason, the breath volume was registered 
both before and after each experiment (Fig. 6, a). It was found that the 
collateral air supply at a difference in pressure of 20 mm. water amounted to: 
37, 39, 41, 33, 43, 36, 36, 44, 45, 37, 43, 40, 36, 44, 47, 42, 33, 34, 37, and 44 per 
cent, respectively, in the several experiments, with an average of nearly 40 per 
cent of the breath volume. When the slightly greater pressure difference of 
35 mm. water was attained, the volume of the collateral ventilation even 
amounted to 65 to 66 per cent of the normal ventilation through the bronchus. 

When the valve D was made to shut off the access to the volume recorder 
during expiration instead of during inspiration, by adjusting the relay U (Fig. 
2), a positive pressure developed in the system during expiration. At every 
inspiration the volume recorder dropped, so that a discharge of gas by the 
collateral communications was also possible. This discharge turned out to be 
the exact image of the described increase when inspiration was obstructed. 

An entirely different result was obtained if an entire lobe was connected 
with the system. In most eases the cardiac lobe was used for these experi¬ 
ments, a lobe which, in rabbits, lay entirely isolated in the mediastinum, against 
the bottom of the heart. For comparison, the entire lower lobe, either right or 
left, was obstructed in some experiments. Sixteen experiments were made in 
this way, all, except in cases to be discussed separately, yielding the same re¬ 
sult. In none of these cases could any collateral access or discharge of gas be 
discovered, and both at lower and higher pressure the curve conformed to the 
model curve represented in Fig. 3, a. This negative result was of special 
significance, moreover, as in this way it was demonstrated that the fixing of the 
catheter in the bronchus and the rest of the apparatus was airtight, and that the 
rising or dropping of the volume recorder found on shutting off a part of the 
lobe did not arise from leakage but from communication in the lung tissue itself. 

In three cases, however, notwithstanding that the entire cardiac lobe had 
been connected, an access of air, however slight, was observed. At a pressure of 
20 mm water, this amounted to only 2.7, 4.1, and 3.6 per cent of the breath 
volume, 'respectively. In view of the results already mentioned, this indicated 
the presence of connections with other lung tissue, and on histologic examina¬ 
tion,* it turned out that in these three cases there existed a bridge of lung tissue 
between the cardiac lobe and the right lower lobe. In none of the experiments 
yielding a negative result was such a bridge of tissue discovered. 

These results indicate that the component parts of 4 pulmonary lobe com¬ 
municate outside the bronchi, and that a similar communication does not exist 
between the different pulmonary lobes themselves, unless these are connected 
by a bridge of lung tissue. Some experiments were conducted in order to ascer¬ 
tain whether the width of the collateral communications could be influenced. 

nve owe t hanks to Prof, de Huan for his ready help In this and the remaining hlsto 
logic work in this investigation. 
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Cuttiug or stimulating the vagus and the sympathetic nerve had no effect, no 
more had tlio cutting o£ tlio phrenic nerve when pectoral respiration took over 
the function of the diaphragmal respiration normal for rabbits. In all these 
eases, tho extent of the collateral air supply was determined solely by the nega¬ 
tive pressure developing in the system during inspiration. This also held good 
for the respiration changes caused by breathing mixtures rich in carbon dioxide 
and those caused by a partial stenosis of the bronchial tubes. 

DISCUSSION 

The oxporiments here reeorded confirmed tho results obtained by van Allen 
and his collaborators concerning the existence of communications between the 
component parts of a pulmonary lobe. In the model experiments, it has been 
shown that the quantity of gas sucked in collaterally was directly proportionate 
to the negative pressure if the width of the capillary leak remained unaltered 
(Fig. 5). In the animal experiments, we found in the same way that tlio 
quantity of gas sucked in collaterally wus directly proportionate to the negative 
pressure (Fig. 7) and from tills we mny conclude that here, too, the total width 
of the communications bus remained unchanged. From this, it follows that the 
communications meant cannot ho fissures of tissue, because their permeability 
does not increase with increasing pressure. The observation that thcesc com¬ 
munications were open even at tho most minute differences in pressure, leads to 
the conclusion that these permanent communications also have some significance 
for normal ventilation of the lungs. The ventilation of a lolmlus of a pulmonary 
lobe may also take place upart from ventilation by its proper bronchus, by 
means of collateral ventilation from the adjoining lobuli. 

This collateral ventilation will certainly come into operation if even 
minute differences in pressure arise ill contiguous lobuli during respiration; in 
this way, a balance of pressure is effected, and at the same time the uniform 
constitution of the contents of a pulmonary lobe is promoted. From our results, 
it also appears that as regards its extent, this collateral ventilation may become 
very considerable. As has been stated, tho collateral access of air at a difference 
in pressure of 2 cm. water, amounts to 40 per cent of tho quantity that is nor¬ 
mally supplied by tho bronchi. This is truo, while of tho entire lower lobe, only 
tho upper branch of tlio bronchus is connected with tho outer air, so that tho 
area of contact is small in proportion to tho volume. This is the reason why 
rabbits, at least, may bo expected to possess numerous open communications 
between the lobuli of a pulmonary lobe. 

The existence of uuastomoscs between tho finer ramifications of the bronchi 
has not been described hi tlio literature, hut, oil the other hand, the histologists 
have occupied themselves with tho existence of communications between adjoin¬ 
ing alveoli. The existence of alveolar stomata has been confirmed recently by 
various investigators, although doubt still prevails as to the number and naturo 
of these communications. Moreover, alveolar stomata have not yet been dem¬ 
onstrated in rabbits. We have examined the lungs of some of our experimental 
animals for them. Contrary to the usual way of fixation, and in order to pre¬ 
serve the normal condition os well as possible, we allowed the fixation fluid 
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(Bouin’s solution) to flow into the lungs of the living animal at a pressure of 
not more than 2 em. water. It was introduced by means of the catheter which, 
as in the above-mentioned experiments, shut off part of the lower lobe. If the 
fixation fluid was allowed to flow in at such slight pressure, the lung filled like 
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to be liquid mid not nt ull discolored nt autopsy. This way of fixation bud 
the udvantago that the nonmil expansion of the hint's was preserved and also 
tha normal state of circulation; the pressure applied was so minute that the 
capillaries, too, remained filled with blood. After preliminary treatment nnd 
imbedding in cclloidin, sections were cut f>0 to 100 p thick, much thicker than 
tho usuul sections. Coloring of the sections was effected by means of hemn- 
toxylin-eosin, orcein Mallory, or orcein van flicson. 

Fig. 8 shows a typical general picture of the lung tissue in the slides thus 
prepared. In tho wull of all alveoli that lend themselves to a close observation 
are found sharply outlined openings which, however, vary greatly in both num¬ 
ber nnd form. The alveolar wall, as may lie seen in the alveolus that has been 
further indicated in the figure, often seems to consist merely of a mass of 
capillaries which may be dearly recognized as such from the blood cells present 
in them. This same alveolus has been reproduced much enlarged in Fig. 9. 
In Fig. 10, a single stoma of another alveolus has been brought into focus. It 
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appears eleurly from this photograph that only capillaries form tho border of 
the stomata. Tho fuct that tho stomata arc only meshes in the capillar}' net¬ 
work is most clear in binocular observation, where the entire dome of tho alveolar 
wall may bo followed. The occurrence of numerous stomata in the lungs of 
birds and some minor mammals (bat) has already been described by others. 
Our sections show that an all-around ventilation of the lung capillaries with 
air exists also with larger mammals. That this could ho demonstrated is prob¬ 
ably duo to tho method of fixation in vivo, preserving tho normal expansion and 
the normal filling with blood. Not much could be pereoived of a spanning of 
the stomata by clastic fillers, os described by a few investigators (Maeklin 10 ). 
Upon staining with orcein, van Gieson, elastic fibers could bo seen hero and 
there, but their course was irregular and in no way connected with the limits 
of tho stomata. 

These stomuta were found in over}- section. Their size varied and depended 
on the width of tho meshes of the capillar}- network. Their form, too, varied 
much, being sometimes a true circle, sometimes not more than a slit. It is quite 
possiblo that their form is mainly determined by the filling of the lung capillaries 
with blood. Hero mid thoro a few cells could bo found in tho meshes of the 
capillary network which lay outside tho capillaries. 
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From these microscopic observations it is clear that in the alveolar walls 
of rabbit lungs, a large number of stomata exist. These findings agree with 
the results of the experimental part of this investigation, and explain how a 
collateral ventilation of the lung tissue is possible. Outside the bronchi, the 
air can escape through the stomata from alveolus to alveolus and even further, 
as the partitions of connective tissue in between the acini, lobuli, and the larger 
parts of the lobes are no more than wide-meshed nets. The ample degree to 
which these interalveolar communications exist explains the large gas transport 
that could be demonstrated in our experiments and, at the same time, stresses 
the importance collateral ventilation must have for maintaining a balance of 
pressure in the lungs and for the uniform composition of the air in the various 
parts of a pulmonary lobe. 


SUMMARY 

In rabbits, all parts of a pulmonary lobe communicate outside the bronchi, 
so that transport of considerable quantities of gas is possible. 

The •width of the communications rendering this collateral gas transport 
possible is independent of the difference in pressure between two parts of the 
lobe, so that we must assume that the communications are open also under nor¬ 
mal respiration conditions. 

Through these open communications, collateral ventilation may be brought 
about during respiration, guaranteeing a balance of pressure in the various 
parts of a pulmonary lobe and promoting a uniform constitution of its content. 
Between the pulmonary lobes as such these communications do not exist, unless 
they are connected by a bridge of lung tissue. 

From a review of histologic literature and from microscopic observations, 
it is rendered probable that tlie alveolar stomata must be considered as the com¬ 
munications responsible for the collateral ventilation. 
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COLLATERAL VENTILATION IN MAN 


P. R. Baarsma, M.D., M. N. J. Dirken, M.D., and Eelco Huizinga, M.I). 

Groningen, Holland 


INTRODUCTION 


I N AN earlier communication by Baarsma and Dirken, 1 ® it ivas demonstrated 
that there exists a collateral ventilation of the lungs in rabbits. This had 
first been described in dogs by van Allen and his collaborators. 2 When a side 
branch of a lobe of the lung is disconnected, this part is still ventilated to a 
considerable extent because the air can circulate via a normally operating 
bronchus and the alveolar vents. These vents, the existence of which has been 
established by many investigators, can be made convincingly visible by a special 
method of fixation. A quantitative determination of collateral ventilation was 
first made in rabbits. Collateral ventilation proved to appear even ivith very 
small differences in pressure between the connected and disconnected parts of 
the lung, that is, with pressure differences of slightly more than 2 mm. water. 
Collateral ventilation, therefore, must be of importance in physiologic as well 
as pathologic circumstances. The air content of a special part of the lung 
was measured with normal and with collateral ventilation. When a branch 
of the lung was obstructed, it appeared that there was an average ventilation 
of 66 per cent of the normal (a considerable percentage) due to collateral ven¬ 
tilation. 

When collateral ventilation had been demonstrated in two mammals, the 
next step was to see if it existed in man. We had been suspecting this for a 
long time, because of certain patients who had been observed in the clinic. Pa¬ 
tients with a foreign body in one of the deeper respiratory passages are of par¬ 
ticular importance in this respect. These patients often become experiments in 
vivo, so to say, in which it may be assumed that suddenly a certain bronchus of 
a hitherto healthy lung is disconnected. The exact localization of the obstruc¬ 
tion can be determined by means of radiologic examination and bronchoscopy. 
In the case of a complete obstruction of a main bronchus or a lobar bronchus, 
there is always atelectasis. We had, however, been struck by the fact that in 
some patients where the bronchus was obstructed at a deeper point, notably be¬ 
yond the first division of the bronchus of the lower lobe, there was no atelectasis. 
There is thus a very sharp contrast between cases where atelectasis can, and can¬ 
not be demonstrated. 

This is most obvious in the following cases, which have been the starting 
point of our investigations. In both patients studied a metal foreign body had 
been aspirated on the left side. These metal objects are especially suitable in 
these cases because they can be localized easily by radiography, and because 
they are not so likely to cause an inflammation and thus obscure the syndrome. 


Beceived for publication April 21, 1SH7. 

From the Laryiigorhinologlcal Clinic anil the Physiologic Laboratory of 
Groningen, Holland. 

•Page 23S, thi3 Issue. 


the University of 


252 



UAAKSMA, KT ,VL. : COIJ.ATKRAI. VKXTII*ATI0X IX MAN* 


253 


Case 1.—A girl 30 years of ago nspirnlod a muni) metal object ten days previous to 
our examination. Slio Iimi n violent tit of roughing, and koj>t roughing, with occasional 
dyspnea. Tho left thorax obviouidv lagged behiud in respiration. In ]K'rcu>»ion, a strong 
dullness was noticed on the left hide, especially over the lovver loin*. On the left side tho 
breath sounds hail almost disappeared. On the radiograph of Fig. 1, the metal object wns 
conspicuous on tho left side; trachea anti bifurcation wen* visible; the foreign body appeared 
to bo located in tho left lower (-return of the main bronchus and in the first jmrt of t^e 
bronchus of tho lower lobe. There was a strong dislocation of the mediastinum to tho left, 
and to the right a 4 * naked** vertebral column was visible. 



Fisr. 3. 


Tiio radiologic localization of tho foreign body wns confirmed by bronchoscopy. It was 
located in tho lower part of the main bronchus and the upj>er jwirt of the bronchus of the 
lower lobe, and obstructed tho whole of the lower lobo by its soinowhnt broader lower end. 
Tho object was extracted. The child recovered completely, after there had been symptoms 
of inflammation in the atelectatic left lower lobe. 

The radiograph of Fig. 1 is very typical of an atelectasis of the left lower lobe, there 
is a very homogeneous idiadow, the so-cnlled “ground-glass shadow” of van Allen. 

Case 2.—A boy, 2 years old, bud aspirated a metal pellet five days before examination. 
Thero was severe dyspuea immediately after the necidont, wliich soon passed off. As the 
child kept coughing, he was sent to tho clinic. 

When admitted, the child did not appear to be ill. Thero was no dyspnea, and the 
body temperature wo* entirely normal. No deviations could bo found by percussion, but the 
breath sound was weaker on tho lower loft side. 

The pellet Is clearly visible on tho roentgenogram of Figs. 2 and 3. Theso radiographs 
have been taken during deep inspiration and deep expiration, respectively. The dislocation 
of the diaphragm is striking. There is no trace of atelectasis and there are no symptoms of 
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bronchostenosis. In both, radiographs the mediastinum is in its normal position. During 
respiration it moves neither to the left, as may be expected in a ease of total obstruction 
(Holzknecht’s symptom), nor to the right, as is seen in valve stenosis. 

It could be assumed on the strength of these roentgenograms that the foreign body was 
localized deep in the bronchial tree, in the bronchus of the lower lobe. This was continued 
by bronchoscopy. The pellet was located beyond the first dorsal branch of the bronchus of 
the lower lobe. There was no reaction of the mucous membrane and no sign of inflamma¬ 
tion. Further on, the pellet hermetically closed the bronchus of the lower lobe; it was even 



FiS. 2. 


wedged in so tightly that no proper forceps place could be found, and all attempts at extrac¬ 
tion failed. Tracheotomy was performed the next day, after which the pellet was removed 
through the medium of bronchoscopy, with great difficulty. The diameter of the pellet was 
6.5 mm ., certainly very large for this part of the bronchus of the lower lobe in such a young 
child. Extraction was followed by a speedy recovery. 

Bronchography was made after a few- days, and 10 c.c. of lipiodol were introduced; as 
appears from Fig. 4, the bronchial tree was entirely normal. The bronchogram was impor¬ 
tant, because it told us more about the exact'localization of the foreign body. Figs. 2 and 3 
show that the pellet remained practically in the same place, in spite of deep respiration. Dur¬ 
ing expiration there was a slight lateral movement, but on both photographs it is on a level 
with the eighth rib. It is a well-known fact that, whereas there is a considerable dislocation 
in the distal parts of the lung during deep respiration, there is only little movement near the 

kilus and the great bronchi. 
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Returning to tho oighth rib on tho bronchogntm of Fig. 4, wo find that tbo pellet was 
localized in the entrance of tbo bronchus of the louver lobe of tho left lung, but far enough 
down to Icavo tho passage to tho great flrxt dorsal sldo brunch free. Tliis first dorsal branch 
U very large and always present. During the lost few years It has been examined by several 
investigators who described tho anatomy of tho bronchial tree. We, too, wero ablo to confirm 
theso results,* This sido bronchos branches ofT a little higher than tho former location of 
tho pellet, almost oppnsito tho fork of tho bronchus of the upper lol>o. 



Fig. 5 givea a schematic representation of tho situation in theso two cases. In tho 
first case (Fig. 5, A) there was a complcto obstruction of tho bronchus of the lower lobe, 
no collateral ventilation and, therefore, atelectasis. In. tho second case (Fig. 5, B) the first 
dorsal branch was free, and tho only possiblo explanation seemed to bo that there had here 
been collateral ventilation, as indicated by the arrows, so that no atelectasis had developed. 
^ is a carious fact that no symptoms of bronchostenosis could bo found. Investigations by 
Baarsma and Dirken showed that thoro was so much collateral ventilation in rabbits that this 
Day explain why a considerable now supply of air is possible in man os well, and why there 
is no dislocation of tho mediastinum during respiration. These cases, to wliich many more 
from tho clinic might Uavo been easily added, rendered the possibility of collateral ventila¬ 
tion in man very likely. In order to make sure, a more direct method to obtain confirma¬ 
tion was necessary. 

METHOD 

Evidently, only an entirely harmless method conld bo used wlion investigating collateral 
ventilation in human beings. It may even be asked if such experiments were permissible 
at Dli In view of tho importance of this problem, wo answered tills question in the affirmative, 
especially because tho experiments involved no dangor to the patient Investigations have 
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only been made in cases where bronchoscopy was required for other reasons and where the 
lungs previously had been proved to be perfectly normal. The first patient was an asthmatic 
who was sent to our clinic for bronehoscopie treatment. We were greatly relieved that 
shortly after the departure of this patient, another from the same village was admitted, who 
brought a letter from the local physician to the effect that the first patient had been so 
pleased with the success of his careful treatment that the second wanted to be treated in the 
same way. The psychologic factor is of considerable importance with asthma. We have 
never, however, seen any harmful effects from these investigations. 



Fig. 4. 


In obstructing the entrance to the bronchus, it was naturally impossible to make use. 
of the laminaria cylinder described in a previous publication on experiments with rabbits. 
We used an inflated catheter, as used by Coryllos and others. It had a small .rubber cuff 
attached to its distal end, which could be inflated. It was filled with a sterile salt solution 
by means of a very thin rubber tube running througli the catheter. When the catheter was 
well in position and the rubber cuff inflated, the latter hermetically closed the entrance to 
the bronchus. The catheter could not be withdrawn unless the cut was first emptied, and 
it moved synchronously with respiration. 

The patient was anesthetized by means of pnatocain 2 per cent adrenalin, and put on 
the bronehoscopie table. The bronchoscope (after Jackson) was introduced, and the bronchus 
into which the catheter was to be inserted was adjusted. The lower lobe was used m all 
cases- in a number of experiments the catheter was inserted in such a way that the entire 
bronchus of the lower lobe was obstructed, in other cases only part of a lobe was disconnected 
by inserting the catheter into the posterobasal or laterobasal side branch of tho bronchus or 

the lower lobe. 
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Tho catheter wua then connected with the spirometer, which recorded tbo respiratory 
movement! on a kymograph. A small weight caused u certain negative pro* euro in tho 
spirometrlo nystcm, and consotiueatly in the part of tho lung ennm*ctcd with it. If, therefore, 
there were collateral ventilation, air from the mirroundiug part* of the lung would bo sucked 
into tho area of negntivo procure anil the volume of the spirometer would bo increased. 
T1U« wua reconled by u decline of the curve ou the kymograph. Jf thero wero no collateral 
ventilation, the volume of tho spirometer would remain, more or lew stationary, and conse¬ 
quently tho curve on tho kymograph would show a horizontal course. Tho whole experimental 
arrangement is shown in Fig. tf. 



Fte. 5A. Ftg. 50. 


When tho whole of tho lower lolx* was disconnected, there was not collnteml ventilation, 
as might bo expected. Fig. 7 gives un Instance of such n curve; the left lower lobo of a man 
of 28 years was disconnected completely. Jlcspirution was recorded with a negative pressure 
of 0 to 2 cm. water iu the disconnect ml lobe. The curve kept n horizontal coursc> 

Fig. 8 illustrates the experiment with a nmn 20 years old, who had tho enthetor in tho 
hiteroburnl section of the left lower lobe. The full in the curve was very obvious hero and was 
proportional to the negntivo pressure which was determined by tho weight attached to tho 
spirometer. It followed that collateral ventilation hud been proved here. This was also 
tho caso in Fig. 9, the curve of a 31-ycnr-old uuin, where tho catheter had been inserted into 
the postorolxisal brunch of tho left lower Iolie. The volume of breath was much smaller bore, 
and the decline of tho curve wns less. Yet there obviously unis a declino of tho curve, and 
consequently an increase of tho volume of the spirometer, wldch Increased with the negntivo 
preware. 

Tho enrno result wns obtained on all occasions; thero was no fall of tho curvo when tho 
wholo of the lobo was disconnected, but there was a fall when only a side branch was ob¬ 
structed. This proves with certainty that there is collateral ventilation in mail. The niech- 
nninu can hardly Ihj Imagined otlienviso tlinn in dogs and rabbit*. 

Discassiox 

No doubt, collateral ventilution in highly important, first of all in physi¬ 
ology, as has been described in tho preceding publication. It provides an equal 
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distribution of air and the speedy neutralization of even small pressure dif¬ 
ferences between various adjacent parts of the lung. This collateral ventilation 
is, however, of far greater importance in pathology. No doubt atelectasis would 
develop much more frequently without it. 

It seems that in classifying atelectasis, the old way is still the best, and that 
in acquired atelectasis we can only distinguish resorption and compression 
atelectasis. The latter, which is caused by a passive emptying of the lung, as 
in the ease of an exudate in the pleural cavity or a large tumor, need not be con¬ 
sidered further. 



Flff. 6. 


Resorption atelectasis develops because, as a result of an obstruction of 
the bronchus the air disappears from the part of the lung belonging to it. The 
remaining air is resorbed by the blood in the alveolar capillaries. Notably 
Coryllos and Birnbaum 4 have made extensive investigations as to how this re¬ 
sorption is effected. Complete obstruction of a main bronchus or a lobar 
bronchus causes atelectasis; obstruction of a side branch does this only under 
particular circumstances. We can now state that on the whole these circum¬ 
stances are determined by the possibility of or absence of collateral ventilation 
under the given anatomic conditions, or by elimination of collateral ventilation 


under certain circumstances. 

As to the first, it sometimes happens that a certain side branch provides for 
a segment of the lung which is completely separated from the remainder of the 
lobe. In our anatomic investigations, for instance, we found that in one out of 


every ten cases, the first dorsal segment of the lower lobe was defined by a more 
or less deep fissure. Like other investigators, we found that in a few cases this 
segment made the impression of a separate lobe (lobe moyen dorsal). Under 




DAARSMA, ET AL.: COLt-VTEUAL VENTILATION IN MAN 


259 


these circumstances, obstruction of this branch will automatically bring about 
atelectasis. We sec, therefore, that anatomic variations aro of considerable 
importance in this respect. 

Collateral ventilation is eliminated (1) by shallow breathing, which min¬ 
imizes pressure differences between various parts of the lung, or (2) it is elim¬ 
inated if an inflammation develops in a part of the lung which is not discon¬ 
nected. 
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Flff- 7. 

The latter could be proved experimentally by van Allen und his collabo¬ 
rators. The two factors will often go togothcr; many patients with shallow 
breathing have at least a bronchitis. Each inflammatory process in the lung 
may easily cause obstruction of vents through edema or tho prescuco of fluid 
or secretion, and consequently impede collateral ventilation. This factor of 
inflammation probably will be of the greatest conscqucnco in most cases. 

Shallow breathing may result from narcosis, or, if brentliing is impeded, 
by pain or paralysis of tho respiratory muscles. A great deal has been written 
during the last few years about postoperative collupso of the lung and trau¬ 
matic atelectasis, that is, with injuries of tho thorax. Tho mechanism has be- 
como much more intelligible, now that wo have become acquainted with collateral 
ventilation. These patients aro often suffering from bronchitis; plugs of secre¬ 
tion obstruct tho bronchi and when them breathing becomes shallow as a result 
of pain, collateral ventilation is eliminated and atelectasis nrises. 

In patients with bronchitis, tho presence of collateral ventilation often 
prevents atelectasis. If, for instance, a side branch of tho bronchus is ob¬ 
structed by a plug of secretion, a negative pressure arises behind tho obstruc¬ 
tion, which causes collateral ventilation. With a strong negative pressure, the 
plug will bo sucked more firmly into tho bronchus. Collateral ventilation, how- 
evor, keeps down negative pressure and consequently there remains sufficient air 
behind the obstruction. Thanks to this air, tho ping may be removed by cough¬ 
ing. This example clearly shows tho importance of collateral ventilation in pro- 
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moling expectoration uiul preventing utelectusis, with much inherent mischief. 
For it is now known that there is only a very gradual transition from atelectasis 
to pneumonia. 

The importance of collateral ventilation is also apparent with stripe-form 
atelectasis ns descrilred by Kloischner 5 and Kuyscr.” It has long been known 
that patients with widely divergent histories have shown stripe-form shadows 
on the radiogram, especially on the base of the lung. This was found in: pa¬ 
tients with fractures of the ribs; kyphoscoliosis; after operations, especially of 
the higher ubdomen; during coma. etc. Pleurisy was occasionally thought of, 
Which was supposed sometimes to develop lymphogenously from peritonitis. 


Floisclmor has been first to give the correct explanation. All these patients liavo 
shallow breathing and bronchitis in common. Obstruction of a bronchus causes 
tho collapse of part of a lobe. The thoracic wall and the part nearest the hilus 
remain in their places. This part of the lung can only contract in a downward 
direction, and an atelectatic disk dovelops, which may he seen in the radiogram 
as a stripe. Ho called this “gcrichloter Kollaps.” Kcyser was able to con¬ 
firm these observations. Fig. 10 shows such a stripe-form shadow in a patient 
with multiple costal fractures. It is now clear that tho essential factor in this 
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stripe-form atelectasis is the absence of collateral ventilation through shallow 
breathing of these bronchitic patients. These shadows disappear when a patient 
is made to breathe deeply. 

It is even more important to prevent atelectasis, especially in view of a 
possible inflammation of the lungs. In this respect, the prophylaxis has been 
the common property of each practitioner for many years. He knows very well 
that deep breathing, the stimulation of expectoration, sitting up in bed, and 
getting up quickly, especially with older people, prevent a hypostatic pneu¬ 
monia. Unconsciously, he has thus promoted collateral ventilation. Old ex¬ 
periences have now been given a scientific coloring. It is valuable if the right 
theoretical explanation can be given for practical facts. 

With massive atelectasis of the whole lung or lobe, there is only one impor¬ 
tant factor, the obstruction of the main bronchus or the bronchus for a lobe. 
With the veiy frequent focal atelectasis, there are, consequently, two factors: 
the obstruction of a side branch and the elimination of collateral ventilation. 
This does not apply to a specific inflammation only, but also to tuberculosis; 
Westermark 7 and Roth 8 have demonstrated how easily bronchi in a tuberculous 
area may be obstructed b3 r caseous masses, coagulation of blood, granulations, 
and secretions, which repeatedly cause atelectasis. These findings, as well as the 
stripe-form atelectasis of Fleischner, have been confirmed by dissection. But all 
this cannot be brought about, except by the elimination of collateral ventilation. 

It is possible that this elimination of collateral ventilation is also connected 
with the selective coil-apse of the lung. It would take us too far afield to deal with 
the whole question of atelectasis. We will mention only the fact that French and 
Italian author’s such as Cardis , 0 Chadourne , 10 and Parodi 11 have drawn atten¬ 
tion to the so-called reflective collapse of the lung. Through the action of the 
pulmonary musculature, which has been the object of much controversy recently, 
a lobe or a whole lung is supposed to collapse. This explains syndromes such 
as postoperative and traumatic collapse of the lung. Selective collapse of the 
lung is observed particularly in the case of a pneumothorax induced in the 
treatment of pulmonary tuberculosis. In these cases, the affected parts of the 
lung often collapse to a greater extent than the nonaffected ones. Good illustra¬ 
tions of this phenomenon may be found in a report by Bronkhorst and 
Dijkstra . 12 It is explained by different tonic conditions in the diseased parts of 
the lung. It may also be imagined, however, that certain side branches in the 
affected part of the lung are obstructed. The pneumothorax reduces the ven¬ 
tilation in that lung, the collateral ventilation is eliminated, and an atelectasis 
develops. In any case the mechanism of obstructing one or more side branches 
and eliminating collateral ventilation must be taken into account in explaining 
the phenomenon of atelectasis. 


RECAPITULATION 

After collateral ventilation had been established in dogs (van Allen and 
collaborators) and rabbits (Baarsma and Dirken), it now has been proved to 
exist in man as well. An entirely harmless method of recording the phenomenon 
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in man is described. When tlie bronchus for a lobe Ls obstructed there is no 
collateral ventilation, and ntcleetasis follows. 'When n side branch is obstructed, 
thoro is no atelectasis, duo to collateral ventilation. Atelectasis develops only 
if thoro is no collateral ventilation duo to certain anatomic conditions, or if it 
is eliminated as a result of an inllnnunation or shallow breathing. Tho great im¬ 
portance of collateral ventilation for the clinic is further described. 
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STUDIES ON EXPERIMENTAL PHOSGENE POISONING 

II. Pulmonary Artery Pressure m Phosgene-Poisoned Cats 

Mary H. Gibbon, H. D. Bruner, M.D., Ph.D., Robert D. Boche, Ph.D., and 

John S. Lockwood, M.D. 

Philadelphia, Pa. 


I N SPITE of extensive study following the use of phosgene in chemical 
warfare, the mechanism by which this agent produces pulmonary edema is 
still obscure. Two general theories have been proposed: According to one, the 
edema is attributed to direct (toxic) injury to the endothelium of the pulmo¬ 
nary capillaries, while according to the other, the hydrostatic pressure within 
these vessels is believed to rise to levels sufficient to overbalance the colloidal 
osmotic pressure of the plasma. A third possibility, obstruction to the lymphatic 
drainage from the lung, has not received serious consideration except for rec¬ 
ognition that the lymphatics seem inadequate to drain away significant amounts 
of alveolar fluid. 1 ' 4 

The more probable concept of toxic endothelial damage has not been con¬ 
clusively established, because efforts to demonstrate histologic evidence of 
endothelial injury have failed. Consequently, the alternative explanation has 
persisted, although its supporting evidence is indirect and unsatisfactory. 
This evidence consists of the reputed association of “blue” or “plum-colored” 
cyanosis (implying venous congestion) with phosgene poisoning in man, 5 and 
the occurrence of multiple thromboses or other changes assumed to be ob¬ 
structive, in. the pulmonary vascular system. 0 ' 8 A modification of this general 
concept is Rothlin’s 9 suggestion that the edema is brought about by a reflexly 
mediated vascular response but, since the experimental evidence on which this 
proposal was based could not be confirmed, 10 it may be dismissed from further 
consideration. 

Arguments against the elevated pressure hypothesis may be summarized 
as follows: (a) The edema fluid, histologically and by analysis, is nearly 

identical with the blood plasma; 4 ’ 10 ’ 11 it is not a protein-poor filtrate of plasma, 
(b) There is reason to be skeptical of statements that the “blue” cyanosis and 
venous distention are a consequence of phosgene poisoning. 12 So far as can be 
determined from the literature, “blue” cyanosis has been reported only in 
field casualties of World War I, and in neither accidental phosgene poison¬ 
ings 13 ' 19 nor in experimentally poisoned animals. 8 ’ “* 20 ' 22 It is clear from the 
literature of 1915 that chlorine does cause “blue’’cyanosis and the subsequent 
use of mixtures of gases 5 ’ 6 ’ 14 ’ 20 encourages the view that the “blue” cyanosis 
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1.-—Line drawing- of manometer* used for measuring- syatcmlc (loft) and pulmonary artery 
(right) blood pressure*. The Insert la a calibration curve for the syatcmlc manometer. 
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of reputed phosgene casualties really was observed in mixed gas poisoning, 
(e) As reported elsewhere, 10 thromboses are exceptional in animals dying spon¬ 
taneously within forty-eight hours after exposure to median concentrations 
of pure phosgene; the earlier reports of thrombosis seem not to have been in¬ 
terpreted with regard to the probable conditions of exposure, (d) Dogs and 
rats which were thoroughly heparinized before and continuously after exposure 
to phosgene have developed typical edema. 21 (e) Measurements of right 
ventricular pressure in phosgene-poisoned goats and dogs 22 ’ 23 lead to the in¬ 
ference that pulmonary artery pressures are not abnormal, (f) Daly and 
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Fig. 2.—Phosgene poisoned cat. 


associates 21 have observed no appreciable rises in pulmonary artery pressures 
in perfused dog lungs until nonspecific edema was present in both the gased 
and the control lung; their evidence suggests vasodilatation and pooling m 
the isolated gassed lung. 

These considerations, however, do not eliminate the possibility of elevated 
pulmonary vascular pressures as a factor in the pulmonary edema produced 
by phosgene. In view of its basic importance, the problem was attacked by 
direct measurement of the pulmonary artery pressure and by evaluation of 
the pulmonary pressure gradient. 



(IIDDON, ET AL.: EXl’EKlilEXT.YL. PHOSHKXF. 1>01S0NIN(1 


2157 


11ETII0DS 

Cats were used in this study, bceauso their tiiorucie structure lends itsolf 
best to a marsupiulized heart preparation which permits access to the heurt and 
great vessels in the ununesthetized animal. 11 At a preliminary operation, the 
left fourth uud fifth costal curtilages with hits of the adjacent ribs were re¬ 
sected, the pericardium sutured securely to the margins of the defect, and tho 
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Fig 3.—Pitas genu poisoned cat. 


wound closed. After complete recovery in three to five weeks, the skin nnd peri¬ 
cardium covering the opening were incised under very light anesthesia (Pen- 
tothal Sodium or Bvipol) a few hours before gassing; the femoral artery also 
was exposed. Normal cats wore similarly anesthetized and the femoral urtories 
isolated; these animals served also os gas chamber controls. 

The prepared animals, each paired with a control, were exposed to vary¬ 
ing doses of phosgeue in a dynamic chamber by the standard "push-pull” 
technique described elsewhere. 10 The concentration-time (CT) products 
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of exposure, in milligram-minutes per liter, were selected to produce varying 
degrees of severity of poisoning and edema; the mean concentration (C) was 
0.29 mg. per liter ± 7 per cent ;; the duration of exposure (T) being varied from 
8% to 13 minutes. 
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Fig. 4.—Phosgene poisoned cat (a simultaneously gassed control). 


At death or sacrifice, complete autopsies were performed and the organs 
studied histologically. In the animals living longer than twenty-four hours, 
a fibrinopurulent pericarditis developed which was only partially controlled 
by sulfonamides. 

At intervals after gassing, the animals were restrained in the supine position 
and the pressures were measured by means of manometers designed and built 
by R. D. Boehe (Fig. 1). In operation, isotonic citrate is drawn into the 
bulb (C) to the zero mark on the calibrated stem (B); with the manometer 
vertical the stopcock is then closed, and the needle inserted into the vessel, 
taking care to keep the manometer vertical and to avoid warming the air- 
containing portion (A). Theoretical and experimental calibrations of the 
stem agreed almost perfectly. The recorded values represent mean pressures 
due to the damping characteristics of the instruments. Since the needle on 
the manometer was directed centrally in the vessels, the recorded pressures 
are the sum of the velocity and static pressure heads. 
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Because each reading necessitated puncture of the vessel or heart wall, 
the number of readings was kept to the minimum necessary for tko required 
information. Between readings the eats were unrestrained. 
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RESULTS 

Tko data on five prepared cats and on two of the five simultaneous con¬ 
trols aro presented in graphic form in Figs. 2 to 8 (Figs. 4 and 8 are control 
animals) in order of increasingly severe exposure to phosgene (CG). The 
signs and course of poisoning in the prepared animals were in all respects 
similar to those in the controls. The inadvertent hemorrhage noted in Fig. 3 
consists of a 10 to 15 c.c. loss from tho femoral artery. 

It is evident that the pulmonary artery pressures rarely rose above the 
pregassing values except terminally; the tendency was toward a fall, synchron¬ 
ous with the systemic pressures. With ono exception, the animals showed the 
typical bradycardia at once after exposure, but thereafter tho pulse and re¬ 
spirator}- rates varied widely, attributable in part to the degree of acquiescence 
.by the animnl to the supine position. The majority of the readings were taken 
after the animal had relaxed, but in a few instances the value noted is that 
obtained between bouts of struggling or meowing. Such values may bo some- 
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amcks1^dfllThi?„ n “ mbe tT a , SUrementS 0f pressuie “ the right and left 
amides indicate that no essentml changes were present after gassing, 
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DISCUSSION 

The pulmonary artery pressures before exposure to phosgene lie within 
die range of pressures observed m similarly prepared eats using a different 
type of manometer,- 8 and recorded values for mean pulmonary artery pres¬ 
suie in cats and in other species by various techniques are comparable with 
those recorded here.'- While exposure of the intrapericardial structures 
to atmospheric pressure undoubtedly results in the development of abnormal 
pressure relations, 30 the validity of these data is not affected by these experi¬ 
mental conditions, since (a) the pulmonary artery pressures before gassing 
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were normal, aiul (b) they fell after gassing instead of rising, as would have 
occurred if the preparation had predisposed per so toward appreciable ac¬ 
cumulation of blood in the lungs. Furthermore, tho chief intorest centers on 
the relative pressures before nnd after gassing. Tho slight terminal rises of 
pressure in Figs. 2, 3, G, and 7 may be due in part to tho accentuated expiratory 
efforts characteristic of advanced phosgene poisoning. 11 
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The observations of loft auricular pressuro, although unavoidably in¬ 
complete, support the assumption that the pressuro gradiont across tho lung 
follows tho usual slope. There is no anatomic evidence to suggest that tho 
major pressure loss occurs distal to the pulmonary capillaries. There seems 
to have occurred an effective adjustment by tho lessor circulation toward 
maintenance of nearly normal pressuro levels and gradient, in tho presence of 
extensive disturbances of systemic pressure, heart rate, blood volumo and 
viscosit}', and tho development of severe or lethal edema. 

These data, together with the evidence outlined in tho introduction, make 
untenable the hypothesis that the pulmonary edema of phosgene poisoning 
is of purely hydrostatic origin. This statement is further strengthened by 
the fact that the preparation employed should have exaggerated the hydrostatic 
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factors leading to edema. It is obvious, however, that maintenance of any 
pressure sufficient to sustain circulation contributes to continued outflow of 
fluid into the alveoli, whatever the primary mechanism initiating the edema. 
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Fig. 8.—Phosgene poisoned cat (a simultaneously gassed control). 


Since there appear to be no reasons for assuming that the cat's anatomic 
and physiologic response to phosgene is peculiar to that species in any funda¬ 
mental respect, these data lead to the following suggestions regarding the 
therapy of phosgene poisoning in man: (1) There appeals to be no indication 
for venesection, which previously has been carried out for the purpose of re¬ 
ducing pulmonary and systemic venous congestion. (2) Drugs tending to 
increase pulmonary artery pressure, e.g., Adrenalin, 27 should not be given. 
(3) Because the observed hemodynamics in ay represent an effective body ad¬ 
justment to phosgene damage, it may be unwise to interfere by means of drugs 
or procedures intended to support or depress a particular sector of the circula¬ 
tion or heart. The most pressing defect is anoxic anoxia and attention should 
be concentrated upon relieving it. 

SUMMARY 

1. Pulmonary artery, and right and left auricular pressures have been 
measured directly in five eats poisoned with phosgene. 
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2. Abnormal elevations of pressure were not found after gassing. 

3. Collateral evidence is cited for dismissing the hypothesis of an hydro¬ 
static origin of pulmonury edema in phosgene poisoning. 
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THE LOCALIZATION OF PULMONARY CAVITIES BY A MODIFIED 
ROENTGENOGRAPHIC TECHNIQUE 

Joseph Gordon, M.D.* 

Ray Brook, N. Y. 

T HE size and location of a tuberculous pulmonary cavity determines the 
extent of a thoracoplasty. The conventional posteroanterior roentgenogram 
ordinarily used is not always satisfactory for accurate localization of the cavity 
with relation to the overlying ribs. A more reliable method for determining its 
position will be described. 

The technique for roentgen ray examination of the chest is not standardized. 
In communications from several members! of the Committee on X-Ray Appara¬ 
tus and Technique of the American Trudeau Society, the tube position mentioned 
varied from the fourth vertebral space, sixth vertebral space to 6 inches from 
the top of the casette. However, practically everyone uses the posteroanterior 
projection. Since the primary purpose of the routine x-ray examination of the 
chest is the detection of abnormal shadows and not accurate localization, this 
technique is generally satisfactory. For more accurate study the central ray 
of the tube should pass through the object being examined and the projection 
should be such that the object is adjacent to the casette. 

In the majority of instances antra are situated in the upper and posterior 
part of the lung. In this situation the anteroposterior projection is to be pre¬ 
ferred for accuracy rather than the routine posteroanterior projection. Distor¬ 
tion is further diminished and accurate localization enhanced by placing the 
x-ray tube on the same level as the cavity, that is, centering the tube on the 
cavity. Both projection and centering are determined by means of fluoroscopic 
examination and then x-ray films are obtained. The discrepancies due to chang¬ 
ing the tube position and projection were demonstrated by the following pro¬ 
cedures : 

An object simulating a cavity was placed within the thorax of a skeleton, 
its position fixed and noted. Fluoroscopic examination was then carried ont 
and the varying location of the image on the screen observed. For example, with 
the cavity known to be at the level of the fourth rib posteriorly, the annular 
shadow appeared to be at the level of the fifth rib when the tube was placed at 
midthoracic level using the posteroanterior projection. The tube and screen 
were then centered on the cavity by reducing the screen aperture so as just to 
encompass the annular shadow. Here the shadow appeared at the level of the 
fourth rib. In the anteroposterior projection, with the tube at mid-thorax, the 
annular shadow appeared to be slightly above the fourth rib or somewhat higher 
than its known position. 'When the tube was “centered,” so that the central ray 

Read before U»e Inaugural Meeting of the Upstate Society of Thoracic Surgeons, Oct 5, 

1946, Albany, N. Y. 
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passed through tho cavity, the correct location was visualized. The difference 
here was that in the unteroposlerior projectiun the object was nearer tho screen 
and magnification of the cavity was less in contrast to the poslcrounterior pro¬ 
jection. For a cavity near the anterior chest wall, distortion in size was, of 
course, less in the posteroanterior projection. Films taken of the skeleton with 
the x-ray tills; in positions similar to that of fluoroscopy showed the same varia¬ 
tions in location of the annular shadow. (Fig. 1.) 



Fig. 1.—.1, Foj>tcroantorlor roentgenogram of »keloton with simulated cavity located 
Posteriorly and seen ut fifth rJl>. 

D, Anteroposterior spot roentgenogram allowing cavity located In fourth Intcrspaco and 
known to bo In this location. 


By means of fluoroscopy and roentgenography, studies were made of pa¬ 
tients with intrapubnonury cavities. The fluoroscopic findings corresponded 
with thoso noted above when using the skeleton. A series of films were then 
taken, conventional posteroanterior and anteroposterior, stereoscopic pairs, lat¬ 
erals, fluoroscopic spot films in both posteroanterior and anteroposterior pro¬ 
jection, and '‘special spot" films, posteroanterior und anteroposterior. The fluo¬ 
roscopic spot films were tnkcu with the tube and screen centered as described 
above, the shutter being opened full for x-raying after fixing tho position of tho 
tube. The “special spot" films were obtained in the following manner: Tho 
annular shadow, localized by the same fluoroscopic method, wns outlined on tho 
skin both in front and back. The patient wns then taken to the x-ray room and 
placed before the easette and the tube stand moved up to align tho center of the 
x-rny tube with the skin mark. With the tube anchored at this level, tho tube 
stand was moved back to a distaneo of 72 inches and films were taken in both 
anteroposterior and posteroanterior projections. Lateral films were taken at 
tho same level nt the recommended 48-inch distance. 
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The group of films taken on the same patient were then compared and from 
fluoroscopic studies and lateral films, the position of the cavity in relation to 
the anterior or posterior chest wall was shown. The cavity which lay nearer the 
posterior chest wall appeared lower in the conventional posteroanterior film and 
somewhat higher in the anteroposterior film than the level determined by fluoros¬ 
copy. In the films taken with the tube aligned to the skin markings (“special 
spot” technique), the location of the annular shadow-in the anteroposterior pro- 
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jection corresponded with the fluoroscopic centering and the posteronnterior 
showed only slight changes, chiefly those ot' magnification. The fluoroscopic spot 
films were similar to the special technique hut magnification and distortion were 
present because oC the short tube distance. The most striking difference was 
noted in comparing the conventional posteronnterior film with tho '‘special spot” 
anteroposterior film. (Figs. 2 and 3.) The stereoscopic films were inaccurate 
bccauso the fusion image was that of two different posit ions, low tube and high 
tube without regard to the location of the lesion. 


SHc/mc lomDune n* 




Vis. 3.—.1, conven'.lonul film showing annular slrndow at level of fifth rib. 

R, Left lateral film *howinc annular •luulow* ut level of fourth rib and located poaterlorly. 
, O, Film taken at IhvcI of cavity and correct or anteroposterior projection *howinir an¬ 
nular shadow at level of fourth rib. 

. D, Lordotic film taken In anteropcuterior projection allowing annular slrndow above tKe 
Plane of the fourth rib. 
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When the cavity lies virtually midway between the anterior and posterior 
chest walls, there is no significant difference in rib location in either the antero¬ 
posterior or posteroanterior spot films. Also, when the transverse diameter of 
the chest Is increased because of kyphosis and the cavity thereby apparently lies 
about at the middle of this distance—no change in anteroposterior or postero¬ 
anterior spot is noted. When the cavity is in intimate proximity with the nos- 
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pig 4 _ A, Regular film showing annular shadow at level of sixth rib. 

B, Right lateral annular shadow at level of third rib but located well anteriorly. 

C Special spot film taken with tube at level of cavity and in posteroanterior projec o 
hecauS of anterior location of cavity. No essential difference is noted as the posteroanterior 
projection is correct for such a cavity and the sixth rib Is midtlioraclc for tube location. 
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tenor ribs, a regular anteroposterior film compared with n spot anteroposterior 
film shows insignificant change in location. The samo is also true for a cavity 
in close proximity to the anterior chest wall when the films are taken in the 
postcroanterior projection. (Fig. 4.) 

It would seem, therefore, that the relationship of a tuberculous pulmonary 
cavity to the overlying rihs is host determined by the technique indicated above. 
The proper projection is first determined by fluoroscopy or from n lateral film 
so that when films are taken, the position of the patient places the cavity tho 
shorter distance from tho ensette. The alignment of tho tubo with tho skin mark 
assures that tho central ray passes through the object to be examined. The cor¬ 
rection is in both the vertical and horizontal planes, thus considering tho rib 
levels, the distance from the vertebral column, and the relationship to thoracic 
body lines. 

In the technique of thoracoplasty operations it is generally advised that 
resection be carried one or two rihs below the cavity, assuming no significant 
lesions beneath it. On the basis of the above technique, it would bo possible, 
in some eases, to resect fewer rilts and still be below the roentgen level of tho 
cavity as contrasted with the shadow in the conventional film. Only a clinical 
trial, however, eun determine the success attending tho use of this type of 
roentgenogram as a guido to the extent of the operation. 

Itlujtmtioas kindly prepured by Anna Sanlmc, Senior X-ray Technician, tiny Brook, N. Y. 
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27. Monaldi Suction in the Treatment of Bullous Emphysema and Large 
Pulmonary Cysts 

- Joromo R. Head and (by Invitation) Edward E. Avery 

28. A Review of Seven Yean’ Experience With Intracavitary (Monaldi) 
Drainage of Tuberculous Cavities 

Warriner Woodruff, Winfield O. Kelley, and (by invitation) 
Allan Stianahan 



282 


THE JOURNAL* OF THORACIC SURGERY 


Wednesday Afternoon, June S, 1948 
2:00 p.ir. Scientific Session 

29. Coarctation of the Aorta 

H. Brodie Stephens and (by invitation) Orville F. Grimes 

30. The Correction of Aortic Insufficiency in Dogs With an Artificial 
Aortic Valve 

J. Moore Campbell (by invitation) 

31. Experiences With the Anastomosis of the Left Subclavian Artery to 
Left Pulmonary Artery for Pulmonary Stenosis 

Emile Holman 

32. Development of Anastomosis Between Coronary Vessels and Trans¬ 
planted Internal Mammary Artery 

Arthur M. Vineberg 

33. An Experimental Study in Bronchial Anastomosis. 

Truxton Jackson, Phillip Lefkin (by invitation), William AL 
Tuttle, and (by invitation) Foster Hampton 
31. Mesothelial Mediastinal Cysts 
Everett C. Drash 

In addition to the papers listed here, two others have been submitted for the Rose Lampert 
Graff prize as follows: 

Decortication of Nonexpandible Postpneumothorax Tuberculous Lung 
Daniel A. Mulvihill and (by invitation) Robert Klopstock 
Bilobectomy: Surgical and Anatomical Considerations in Resection of 
Right Middle and Lower Lobes Through the Intermediate Bronchus 
Gustaf E. Lindskog and (by invitation) Liebow and Hales 

Papers to Be Read by Title 

1. The Use of Streptomycin in the Preparation and Protection of Patients With Pul¬ 
monary Tuberculosis Treated by Extrapleural Thoracoplasty 

James EL Forsee, and (by invitation) A. J. Neerkon and Carl W. Tempel 

2. Phrenic Nerve Paralysis—Special Consideration of the Accessory Phrenic Nerve 

Winfield O. Kelley 

3. Experiences With the Surgical Resection of the Human Carina, Tracheal Wall ana 
Contralateral Bronchial Wall, in Cases of Bight Total Pneumonectomy 

Oslor A. Abbott 

4. An Exact Method of Delineation of Bronchial Pulmonary Segments During Pulmonary 
Resection by Endobronchial Injection of Dyes 

Charles P. Bailey 

5. Diaphragmatic Hernia 

Herbert Wilty Meyer 

6. Evaluation of Plombage in the Treatment of Chronic Pulmonary Disease 

H. Ryerson Decker 

7. Emergency Management of Massive Pulmonary Hemorrhage 

Alfred Goldman 

8. The Present Status of Bronchoscopy in Relation to Thoracic Surgery 

Chevalier L. Jackson 

9. Lipoid Pneumonia Resulting From a Dermoid Cyst 

A. Lincoln Brown ' , 

10. Endobronchial Balloon for the Control of Bronchial Secretions During Lobectomy ana 
Pneumonectomy 

James D. Moody and George W. Newton (by invitation) 

11. Acute Putrid Pulmonary Abscess—the Later Results of Operative Treatment 

Arthur S. W. Touroff and (by invitation) Robert A. Nabatoff, and Harold Neuho 

12. Total Pleurectomy and Pneumonectomy for Cavitary Pulmonary Tuberculosis Compli¬ 
cated by Tuberculous Empyema 

Daniel A. Mulvihill and (by invitation) Ralph Friedlander 

13. A Discussion of a Series of Operations for Coarctation of the Aorta and the Problems 
Involved 

John C. Jones 

14 Transthoracic, Thoracoabdominal Portacaval Anastomosis . . 

Victor P. Satinsky, H. P. Redondo Ramirez, and Lawrence Gilbert (by invitation j 
15. Intercostal Approach in Transpleural Operations 

Joseph A. Weinberg and (by invitation) Alvin R. Kraus 
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AltflMKXTKn AND CONTROM.KI) HKKATlflNO IN 
TRANSRUKURAL OPERATIONS 

Frederick R. M.u'tz. .M.l)., Cuu’dk S. Buck, M.D., and 
(by Invitation) Harold K. Chase, M.T>. 

Olkvki.and. Ohio 

INTRODUCTION 

\T0 DOUBT the two deeudes just passed will lie remembered us the period of 
i ’ most rapid expansion and development in the surgical approach to the 
treatment of intruthorncic lesions. This development enmc considerably later 
than corresponding technical devoloimients in the surgery of other regions of 
the body. If we were to speculate why this was so, we would almost certainly 
eoncludo that it was because the earlier thoracic surgeons found it necessary first 
to become practical physiologists in order to understand and attempt 1o prevent 
tho disturbances of respirutiou associated with pneumothurnx licfore direct 
operative intervention could he contemplated upon intrnthorneie lesions. 

It seems certain that there was an undue tear of open pneumothorax in man 
and this-wns probably due to the experiences with open pneumothorax in the 
laboratory. A unilateral pneumothorax in ut least some of the common labora¬ 
tory animals is the equivalent of n bilateral pneumothorax in man. In the dbg, 
for example, the mediastinal membrane Is exceedingly thin and flimsy and there 
is a large open communication between the two pleural cavities. Even today it 
is not always easy to translate our experiences from the laboratory to the clinic, 
even though tho fundamental physiologic priuciplcs remain the same. But if 
our laboratory experiences cause us to approach the contents of the thorax in 
man with undue caution, it is not difficult to contcmplnto the retardation thoracic 
surgery would have suffered without the laboratory as a proving ground. As we 
follow tile early developments in thoracic surgery wo see the pioneers become 
nifcctcd with ideas as u result of their contact with both the clinic and tho 
laboratory. As to the problem of open pneumothorax, wo can clearly trace the 

Prom University Hospital* of Cleveland and tho SurcloaJ Laboratory of Western Reserve 
of Medicine. 4 

u.,,_ before tho Twonty-seventli Annual Mcetinic of tho American AN*K.latlon for ThomcJc 
”ur#ory, SL Loul*. Mo,, May 38, 19, and 30. 19-17. 
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infection of ideas through such surgeons as Brauer, Yon Mikulicz, Sauerbruch, 
Willy Meyer, Graham, and Crafoord, to mention only a few. As a result, we 
find that today transpleural operations are as safe as laparotomies. 

This does not mean that all the physiologic problems of open pneumothorax 
are solved and that everyone is in full agreement. 1 ' 3 On the contrary, there are 
probably few subjects on which so many controversial opinions have been ex¬ 
pressed in recent year’s. It is the purpose of this paper to discuss our physio¬ 
logic concepts of the most fundamental phenomena of open pneumothorax and 
also to discuss our own approach to the problem of integrating control of physio¬ 
logic disturbances of pneumothorax with anesthesia. 

FACTORS AFFECTING PULSIONARY VENTILATION IN OPEN PNEUMOTHORAX. 

In the unanesthetized, intact individual, the level of pulmonary ventilation 
is determined principally by the metabolic rate, due to the extreme sensitivity of 
the respiratory center to the increase or decrease of C0 2 tension. 4 For example, 
a lowering of alveolar C0 2 from 5.6 per cent to 5.0 per cent by voluntary hyper¬ 
ventilation will produce apnea. This form of apnea is not respiratory failure 
since the respiratory center is very much alive, providing extreme and prolonged 
hypocapnea is avoided, and when the C0 2 tension returns to a normal level, 
respirations are resumed. On the other hand an increase of the C0 2 content of 
the inspired air decreases the pressure gradient for C0 2 outflow from the body. 
A 3 per cent concentration of C0 2 in the inspired air will cause doubling of the 
minute volume of respiration while a 6 per cent concentration of C0 2 in the 
inspired air will cause an eightfold increase in minute volume. 

The alveolar C0 2 is in this way maintained fairly constant by increased, 
minute volume of exchange to compensate for diminished pressure gradient until 
the content of the inspired air nearly equals the normal alveolar concentration. 
This compensation depends upon the action of an alert respiratory center and 
adequate motor respiratory mechanisms. 

One of the objectives during transpleural operations should be to maintain 
pulmonary ventilation that will exactly take care of the metabolic needs 
of the body. It has been shown by a number of investigators 5 ' 7 dining the past 
f<?rty years that under conditions of anesthesia, witli beginning pulmonary in¬ 
sufficiency there is greater interference with C0 2 elimination than with 0 2 en¬ 
trance. Many premedicant drugs and anesthetic agents reduce the sensitivity 
of the respiratory center to C0 2 . Morphine, barbiturates, and cyclopropane aie 
almost specific in this regard. Light ether anesthesia stimulates respiration, but 
deep ether anesthesia depresses the sensitivity of the respiratory center to GO-- 
For this reason, the response of the respiratory mechanism to C0 3 accumulation 
is not as great as in the normal unanesthetized individual. In practice, it bas 
been possible to compensate for hypoxia by increase in the partial pressure o 
0, in the inspired mixture. If an increased pressure gradient of 0 2 between 
inspired and alveolar air is necessary to oxygenate the blood, it is obvious tha , 
if respiratory volume remains constant or is limited in reserve, the pressure 
gradient of C0 2 must be 1 equally. exaggerated in the opposite direction by ;tc 
cumulation of C0 2 in the blood stream and alveoli to permit C0 2 to diffuse f 10,11 
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the body. This condition o£ excessive CO; nccumulntion may exist because o£ the 
unrespousiveness of the respiratory center and the compromised respiratory 
motor mechanisms in the anesthetized patient with open pneumothorax.” In this 
stato of begiiuiing pulmonary insufficiency the normal warning signs of hy- 
perpnen which normally indicate accumulating C0 3 do not appear. In some 
instances of dcop anesthesia the principal factors responsible for mnintonnnco of 
spontaneous breathing mny bo reflex stimulation due to wound tmumn or to 
pulmonary, aortic, and carotid sinus reflexes. When these reflexes arc withdrawn 
apnea mny supervene, representing true respiratory failure. 0 

Ucchnnicnl factors that interfere with pulmonary ventilation are quite 
obvious but nro not always easy to evaluate quantitatively. 

Position on the operating table"’ will reduce vital capacity ns much ns 15 
per cent oven boforo the chest is opened. Wo do not know of any vital 
capacity measurements made on human subjects with open pneumothorax but 
it appears probnble that tho remaining vital capacity would be reduced by 50 
per cent or more. 

In the absonco of breathing against positive pressure or obstruction, there 
is little pressure fluctuation in tho trachea and bronchi during the respiratory 
cycle, n maximal gradient of 3 mm. mercury being sufficient to move the air in 
and out of tho bungs. This pressure fluctuation is not sufficient to provide a 
significant volume change in tho lung on the sido of an open pneumothorax. 
When tho patient is breathing into a taut breathing bog maintained at positive 
pressure by tho constant addition of oxygen or othor gases, tbore mny be a con¬ 
siderable pressure variation during the respiratory cycle, depending upon tho 
sizo and elasticity of tho breathing bag. Tiio pressure is maximal at tho ond of 
expiration, and minimal at the end of inspiration. It is obvious that tho lung 
volumo on tho side of the pneumothorax will ho determined by the intrahronelual 
pressure and that any fluctuation in tho volumo of that lung will always he 
opposite in direction to that of the intact lung. To our knowledge, no observa¬ 
tions have been nmde of tho volumo of this pendulum air in patients undor 
various breathing conditions but it would seem that in somo instances thorc 
would be sufficient pendulum uir to bo physiologically significant. Under con¬ 
ditions of obstruction of tho airway, tho pendulum air exchange between the 
two lungs increases as tho degreo of obstruction becomes more severe, until the 
only transfer of air is between tho two lungs. 

There are compensatory mechanisms that prevent the development of CO : 
retention the moment a largo open pneumothorax is made in man. 11,11 Such 
compensation depends to somo extent upon tho large reserve breathing capacity 
m tho normal intact individual. Under conditions that approximate a basal 
state, 10 per cent or less of the breathing capacity is utilized. 

When a free pleural cavity is widely opened under local anesthesia or a 
light plane of ether anesthesia without any provisions for elovoting intrnhron- 
chinl pressure during any phase of tho respiratory cycle, there is an immediate 
and vigorous increase in tho respiratory effort. This is duo to reflex stimulation 
of tho respiratory center via tho vagus nervo os a result of the sudden collapso 
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of the lung on the side of the pneumothorax to approximately one-third of iLs 
original volume by virtue of its elastic recoil. The reflex stimulation of the 
respiratory center acts to compensate for any interference with pulmonary 
ventilation caused by the pneumothorax. 

Other reflexes of importance are those from the wound which may either 
stimulate or inhibit respiratory effort and those from the larynx, trachea, and 
bronchi which either inhibit inspiration or stimulate powerful and prolonged 
expiration, the equivalent of a cough. The chemically originated reflexes from 
aortic and carotid sinus mechanisms are especially important when there is 
depression of the respiratory center to direct chemical stimulation in beginning 
pulmonary insufficiency. 

Increased breathing effort in open pneumothorax will be reflected in a rise 
of the metabolic rate. The end result of all the changes in breathing in open 
pneumothorax will depend upon a quantitative summation of the individual 
factors contributing to and compensating for pulmonary insufficiency. But. 
even though the pulmonary ventilation may keep up with the metabolic needs, 
this is accomplished ivith reduction of reserve breathing capacity. Ideally, it 
would be better at all times to have available the full physiologic reserves of 
the patient. 


THE EVOLUTION OF AUGMENTED AND CONTROLLED PULMONARY VENTILATION 


In 1555 Vesalius stated that “repeated inflations of the lungs" were neces¬ 
sary to maintain a vigorous heart action in the presence of bilateral pneumo¬ 
thorax in animals. 13 In physiologic laboratories, this method of pulmonary 
ventilation was universally adopted in thoracic exposures after the work of 
Yolhard, 5 who, in 1908, described a simple mechanism for intermittent inflation 
of the lungs. He used this mechanism to maintain the respiration in curarized 
animals. 


Thoracic surgeons, however, were thinking in terms of constant pressuie 
differentials and were building pressure chambers. These soon gave way to the 
use of constant flow positive pressure with tracheal intubation and a close 
carbon-dioxide absorption system. This was the status of an anesthesia h" 
thoracic surgery ten years ago. Anyone working on thoracic problems m 1L 
laboratory and seeing the clinical thoracic surgery of that time must have won 
dered why clinical thoracic anesthesia could not he managed in much the same 
way as the laboratory anesthesia, since the latter was certainly better. 


TECHNIQUE OF MECHANICALLY AUGMENTED AND CONTROLLED BREATHING 

In 1940 a preliminary report was presented to this society 14 concerning oui 
efforts of the previous three year’s to add mechanically produced intennittem 
pressru’e to anesthesia for clinical thoracic surgery. Reports of Cratooi ^ 
work in Stockholm were received with great interest both as to basic physio ogf 
needs for better pulmonary ventilation and as to the mechanical approach to 
problem. Crafoord's spiropulsator seemed a bit too complicated. 'While 
have developed a much simpler device, we believe there is still ample mom 
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tcrhniefll improvement. Wo huvo attempted to determine whether it should 
supplement or be a substitute for manual compression of the breathing bug, a 
practico tlmt has become more frequent since the lose of anesthetic agents such 
os cyclopropane, Pen tot hul, and curare which commonly produce varying degrees 
of failure of the respiratory mechanism. 

Wo proceeded with caution in our initial application of this devico to 
patients. At first wo waited for instances of respiratory failure and had an 
opportunity to uso our device in a considerable number of such eases simply as 
a pulmonary ventilator. These cases included a numlier of attempted resus¬ 
citations from ventricular fibrillation and cardiac standstill, and several patients 
with apnea from increased intracranial pressure due to head injuries and brain 
tumors. All except one of these patients eventually died from their original 
trouble. One patient with a brain tumor was operated upon in apnea and com¬ 
pletely recovered after removal of a meningioma. One patient who had a medul¬ 
lar} - paralysis due to spinal anesthesia was curried for an hour in apneu and 
completely recovered. By this means we satisfied ourselves that, in the presence 
of apneu, adequate pulmonary ventilation could lie provided in the patient with 
an intuct thorax. This is a more severe test than in open pneumothorax since 
in addition to producing pulmonary expansion, the force of the positive pressure 
must move the chest wall, diaphragm, and nldominn) contents in order to make 
room for lung expansion. 

It has only been during the lust three and one-lmlf years that we have had 
ample opportunity to employ this device in an adequate number of transpleural 
operations so us to he able to answer some of the questions thnt arise regarding 
augmented und controlled breathing by mechanical means. We have used this 
method in only two general situations: (1) In open pneumothorax procedures, 
and f2) In patients with respiratory failure, as previously discussed. 

Unless otherwise, designated, the anesthetic agents have been nitrous oxide 
and ether until pneumothorax is produced, nftcr wliieh only ether and oxygen 
arc added to tho system unless there is gross leakage, in which eusc nitrous oxido 
may again lie added. We may betong to a minority in adhering to ether for 
thoracic surgery but we believe that many complications which in the past have 
been attributed to ether irritation are now known to luivo been more likely duo 
to such factors as chronic malnutrition and protein depletion, indiscreot uso of 
intravenous fluids, aud failure to take the necessary precautions to insure dry 
air passages during aud after the operation, etc. 

At first wo were using intratracheal tubes only when there was likely to bo 
blood or secretions in the air passages, including all pulmonary resections. 
Hore recently, we have been using such tubes in all patients (except infants and 
small children) and find the Magill tube with an inflatable cuff most advan¬ 
tageous. This prevents inflation of tho stomach, which was objectionable hi 
soaiu of tho earlier operations. Tho only complication olisorved duo to tho use 
of these tubes bus been slight hourseuess. 

No intrupulmonary pressure is allowed to build up before the pleural cavity 
is opened. When the pleura is opened, intermittent pressure is started at a 
rate of 12 to 16 per minute with peak pressures gonerally sot for 15 mm. mercury. 
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In addition, a safety value prevents pressures of over 20 mm. mercury from 
being applied. Frequently, a rate can be chosen about one-half that of the 
patient’s respiratory rate so as to fit the mechanical breathing-smoothly into 
the procedure. A little time must be taken by the surgeon to make certain that 
both lungs are responding to the intermittent pressure; occasional suctioning, 
adjusting the patient’s position, tracheal tube, etc., are necessary before good 
bilateral expansion of the lungs is obtained. 

Slight hyperventilation is carried out immediately after opening the pleura, 
with the soda-lime absorber in the circuit. This generally produces apnea in a 
few minutes, at least to the point that intercostal muscles cease to contract and 
diaphragmatic action is reduced to an ineffective level. Under such conditions 
it is possible frequently to test the state of the respiratory center by allowing 
C0 2 accumulation. An active center will show a rapid response by increased 
diaphragmatic activity. Diminution of respiratory effort when C0 2 is again 
absorbed is proof that the pulmonary ventilation is adequate. 

Prior to the use of curare it had been necessary to increase the depth of 
anesthesia beyond that required for the surgical procedure in order to block 
stimuli which interfered with taking over control of breathing in some patients 
who were more difficult to control. We have not favored the production of 
central respiratory failure by drugs or anesthetic agents although this seems 
to have become a customary procedure in the hands of others. 

Intocostrin or d-tubocararine is now used with increasing frequency in our 
thoracic patients to diminish the force of the. patient’s respiratory effort until 
the respirator has assumed control. 1 ® Usually, with patients under ether anes¬ 
thesia, doses of 20 units repeated from two to five times during a three- to four- 
hour procedure suffice for the initial assumption and maintenance of control. 
Most of these patients have been carried in upper plane 2 of anesthesia, but 
with the increasing use of curare we are learning to carry the patients in a 
lighter plane of anesthesia. Deeper planes of general anesthesia are to be avoided 
due to the detrimental effect on the circulation. 


We have been somewhat disappointed in the contribution of curare to the 
technique of intubation for, on two occasions following the use of this drug, the 
vocal cords were seen, on direct laryngoscopy, to he held in close apposition. 
In these instances the depth of anesthesia was increased after which intubation 
was performed without difficulty. 

The most serious problem is concerned with gauging the depth of anesthesia, 
since mechanical breathing as well as other types of controlled respiration may 
be effective in overdosing the patient with anesthetic agent. Signs of eyeba 
motility and estimation of the degree of muscnlar relaxation by eyelid and jaw 
tonus are useful aids in this respect, but these may he much less reliable when 
curare is used. Occasional momentary cessation of artificial respiration an /01 
permitting accumulation of CO 2 as previously described with subsequent 0 
.nervation of the promptness with which the diaphragm is stimulated is a goo 
iudex both of the depth of' anesthesia and of status of the respiratory cent® 1 / 
One particularly helpful approach to this problem of determination of dep 1 
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of anesthesia lies in the fact that a stuble nnestliesia is obtained before the start 
of controlled breutbing and the uneslhotist then learns tho patient’s anestliotic 
requirements before assuming control of respirations. 

Comploto control depends upon the skillful combination of anesthesia und 
hypocapnca. Greatly exeessivo hyperventilation can bo detrimental to tho 
respiratory center since under these circumstances, a marked depression occuin 
from which recovery dues not immediately take place. Wo do not believe that 
tliis degreo of hyporvcntilation is likely to lako pluco with the rates und peak 
pressures we have recommended. Such a depression can be avoided by the 
maintenance of some slight diaphragmatic activity and the danger minimized 
by direful observation of the patirut (luring the. return to spontaneous breathing. 
There is no reason to believe that respiratory center depression by severe hypo- 
capnea is of equivalent or greater detriment to the patient than nnesthctjc 
depression. 

CL1N1CAI, APPLICATION 

Mechanically controlled respiration bus been used in 110 ease's und these 
are briefly summarized iu tho table. Three (3) groups of observations are not 
included iu tho tabic: (1) tho state of the ciivulntion during and at tho end of 
the operativo procedure; (2) the respiration in the postoperative period; (3) 
tho postoperative fobrilo reaction. 

Circulation .—hi Group 1 of the table there were two patients who showed 
sharp drops iu blood pressuro soon after the onset of controlled breathing: 
260/100 to 70/40 in one instance and 100/103 to 90/50 in another. These were 
thought to l>o the result of hyperventilation and iu each instance there was a rise 
with C0 3 accumulation. In five instances the systolic blood pressuro fell to SO 
or below when working around the aortic arch while completing a high esophago¬ 
gastric anastomosis. There was one instance each in Groups 2 and 3 of hypo¬ 
tension associated with hemorrhago, and another in Group 4 when a dense sear 
was beiug freed from the heart iu a patient with almost no cardiac reserve. 

At tho end of all procedures the blood pressure was below 90 systolic in 
three instances in Group 1, once in Group 2, and onco in Group C. All of these 
except two showed a good initial recovery. 

Blood transfusions wero used in an effort to replace blood loss. Intravenous 
crystalloid solutions wero used sparingly. Much preoporativo attention was 
directed at correction of malnutrition wliich was thought to bo one of the most 
important causes of postoperative disturbances in body fluids. 

Respiration .—In returning to spontaneous breathing, tho respirator)- effort 
was gradually allowed to return during the closuro of tho chest. There was 
only one instance in which there was severo respiratory difficulty nt tho close 
of tho operation. This was duo to trapped air in tho right ploural cavity after 
resection of a carcinoma of tho inidesophagus. Thore had been a bilateral pneu¬ 
mothorax and air was trapped on tho light sido of the chest when the esophago¬ 
gastric anastomosis was ploumlizod with mediastinal pleura. Normal breathing 
resumed as soon as the trapped air was removed. Most of tho earlier long and 
difficult cases showed transient respiratory depression aftor discontinuing the 
anesthesia, which probably was due to tho level of anesthesia which had been 
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maintained. Now this is being avoided by the use of lighter anesthesia in com¬ 
bination with curare. The average recovery time shown in the chart is much 
longer in the earlier than in the more recent cases. 

Objectively, the respirator?* difficulties did not seem severe except in the 
fatal cases and these were all in patients who showed minimal response to our 
attempts at preoperative preparation, and were otherwise a difficult group in 
which to effect any real improvement. 

Postoperative Febrile Reactions .—Numerous factor's contribute to the post¬ 
operative elevation of temperature and it is doubtful whether this will offer any 
crucial information, but we feel it should be mentioned. The postoperative 
elevation in temperature seemed to bear little relationship to the operative pro¬ 
cedure. The maximum temperature was reached on the first to third post¬ 
operative day in the majority of instances with a return to normal by the fourth 
to sixth day. In spite of the fact that penicillin was used freely pre- and post- 
operatively, about one-half the patients reached a maximum temperature of 
between 39° and 40° C. None of these primary elevations were sustained for 
any length of time in the patients that recovered. A number of patients 
showed a secondary rise, generally not as high as the primary rise, and lasting 
for a variable length of time, occasionally associated with the formation of 
pleural fluid. The’infeetion rate did not seem unreasonable taking into account 
the poor nutritional state of some of the patients and the degree of pleural 
contamination in many of the resections of the gastrointestinal tract. In 
nearly all instances, the chest was elosed tightly without suction drainage, 
fluid and air being removed by needle aspiration when indicated. 

GROUP 1. TRANSPLEURAL RESECTIONS OF ESOPHAGUS AND STOMACH 

This group afforded the most rigorous test of our method of management. 
The procedures were of long duration and in several midesophageal lesions, 
bilateral pneumothorax was produced without incident except in one case af ter 
closure as previously mentioned. We feel that these patients were kept in a 
good physiologic state during operation. The principal limiting factor was the 
nature of the disease being treated. 


GROUP 2. PNEUMONECTOMY 

Controlled breathing kept the unobstructed parts of the lung which was 
imdergoing resection somewhat distended and in a functional state as long a* 
the circulation to it was not obstructed. This necessitated some packing off an< 
retraction of the lung during isolation of the vessels. Pulmonary veins am 
artery were all generally dissected free before ligation and division were came 
out. Naturally, when the vascular structures were divided, pulmonary function 
ceased in the lung which was being resected. Complete control of breathing 
after ligation and division of the pulmonary vessels has generally not men 
maintained. However, respiratory effort has been kept sufficiently quiet >> 
augmented breathing so that closure of the bronchus, irrigation of the pleura 
cavity, and pleuralization of the mediastinum ■ could be carefully cm lie oU 
without undue haste. 
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Thero was ono fatality just after the completion of a left pneumonectomy. 
This was in a patient who originally had severe pneumonia complicated by lung 
abscess and empyema which eventually resulted in a lattieo lung with multiple 
bronchial flstulac. After phreniceetomy, the lattice lung cavity was surgically 
closed but intrapuhuonary suppuration led to the development of u saccular 
bronchiectasis of the entire remaining left lung. Severe hemoptysis made it 
nceessary to undertake pneumonectomy, which was curried out with great diffi- 
culty but completed only after a rather severe hemorrhage was controlled. After 
closure of the chest, the patient's condition was poor. The trnchenl tube was 
removed prematurely and the patient asphyxiated from the aspiration of 
regurgituted gastric content. Kesuseitutive measures were of no avail. 

In two pneumoneetomics the left putmounry veins were ligated and divided 
intrupericnrdinlly, due to the fact that a tumor of tho left lower lobe was ad¬ 
herent to the pericardium. One patient made an uneventful recovery, the other 
died on tho seventh postoperative day, apparently of heart failure. 

OROtn* 3. PIJI.MONAUY I.ORKCTOMY 

The group includes two patients with lung abscess, one boing fairly acute, 
and two patients with pulmonary cysts, one of which bad been drained on two 
occasions for an empyema. All lobectomies were done by the individual ligation 
and division of vascular structures and bronchi. The rhythmic expansion of the 
pulmonary segment adjacent to the one l>eing resected could be constantly noted 
a3 an indication of tho patency of the air possages 

In one instance there was rather severe hemorrhage from the pulmonary 
artery. It was thought that the absence of respiratory movements of the thorax 
facilitated tho task of applying pressure mid maneuvering until the exact bleed¬ 
ing point of tho vessel could he secured. 

GROUP 4. PERICARUIKCTOMY FOR CHRONIC CARDIAC COMPRESSION 

These patients have a marked deereaso in cardiorespiratory reserve. Any 
factors tliat interfere with tiie venous return during the period beforo the scar 
is removed and the ventricles are freed nro dangerous to tho patient. 10,11 Any 
form of continuous positive pressure uncsthcsia is to be avoided for this reason. 
In the earlier cases great caro was taken to avoid entering tho pleural cavity, 
ilore l-econtly the plenral cavity lias been widely opened in a small group of 
patients and intermittent positive pressure used to ventilate the lungs. Even 
intermittent pulmonary pressure muy interfere with blood flow by coinpi-ession 
of the pulmonary vnscular bed, but if the pleura is open, there should be no 
added compression of the heart. Traeheul intubation lias frequently bgeu 
omitted when it was thought that a free airway could be maintained without 
intubation. 


OROCP 5. LIQATION OP THE PATENT DUCTUS ARTERIOSUS 

These patients wore among the least difficult to manage on mechanically 
controlled breathing. Tlioy were young but not so small as to bo difficult to 
manage. The pleura is almost always free from adhesions and the chest wall 
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GROUP 


OPERATIONS 


NO. 

CASES 


esophagus and stomach ~ o sw rC / noma of esophagus 


o q ZZ Z „ cau paagu 
n 5 1 tnc .^ ures °f esophagus 
a Carcinomas of the 

fundus of the stomach 


SUMMARY OF lfa CASES- 
Average Dummy 


AVERAGE| 
AGE 
(VE.) 


TOTAL 


HR. I MIN. 


60.5 
(except 
1 car¬ 
cinoma 
fundus, 
26) 


RESPlEATOt 


HR. I UK, 


53 


53 


2 Pneumonectomy 


Pulmonary lobectomy 


4 Pericardiectomy 


11 

7 1 rimary carcinoma lung 

3 Chronic inflammation 

1 Bronchial adenoma 

51.3 

3 27 2 12 



12 

8 Bronchiectasis 

23.5 

3 44 2 23- 


2 Lung abscess 

2 Pulmonary cyst 



9 

Chronic cardiac 
compression 

34.0 

3 32 1 30 


0 

6 

Ligation patent ductus 
arteriosus 

iliXIl [Orfl tniriT tb n-v-rn -.,-1 

" 8 

Patent ductus arteriosus 

15.4 

2 20 

i 

33 

7 

tnoracotomy 

11 

4 Carcinoma esophagus 

3 Carcinoma stomach 

3 Carcinoma lung 

1 Gun shot wound 

56.3 

1 

42 

0 


g 

jxi. j aotJi i a neo u s 

10 

7 Sympathectomies 

1 Cyst mediastinum 

1 Achalasia esophagus 

1 Diverticulum of esoplnigus 

45.2 

2 

42 

1 

~oT 

9 

j. runspieural vagotomy 

rf ATI On* n i n r\b^n r . _ j • 

IS 

Peptic ulcer 

49.1 

2 28 

1 



.utsjjujx uiupnragniatic 
hernia 

♦ 

10 

6 Hiatus hernia 

2 Traumatic hernia 

2 Congenital hernia 

5 mo. 
to 

56 yr. 

2 

55 

1 41 


is light and easily expanded. The management of this group of patients most 
close y approximates our experiences with controlled brea thin g in the laboratory. 
* i. ne , imp °!' tant P lac tical consideration should be observed wben tbe opening 
m the pleura is not large,, and this is true in most heart operations and also in 
such operations as thoracic sympathectomies when an opening is made in the 
pleura. Every effort should be made by the operator to permit a. free exchange 
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Acauented ok Controlled Breathing 


Or ANE8THEBIA 




EARLY 



POSTOFEKATlVi: 

‘ 


UEKULT 


TIME AFTER 

(FIRST 

WEEK) 


OPERATION 

SATIK- 

DEAD 


WHEN UKTE1> 

FAC- 

OU IN 


AWAKE UY 

TORY 

poor 


NUEKE 

UK- 

CONDI* 

TIME. AND t’.U Sh OF 

JUL f MIN. 

COVERY 

TION 

IIOKHTAI. DEATHS 


OTHEK P. 0. COMPLICATIONS 


30 12 


48 


2 on hccond P.O. dny: from plmiro- 
uicd last ini (in mm pimumnnin 
1 on fourth P.O. day 
1 on seventh P.O. day 
I on sixth P.O. day in imlicnt doing 
ivi'll: from pulmonary viuIkiIIhiu 
( autopay; 

1 on M'vcntivuth P.O. day, |x*rforation 
of aorta at sit** oaoplmgogmdrit* 
ntimdomoslB 

l on eighteenth 1 > .<). ilny in patient who 
Improved initially, then deelined. 
There was neeronis of gns*trie tuU* 
ami media*tinUis (autopsy) 

H died later in hospital of residual 
rare i noma 


1 ilevelojHM partial small lxnvcl 
obstruction at site of jojunostomy, 
relieved l»v Miller-Ablwtt tul>c 

2 developed Into empyema 


Jt U 2 1 dentil 20 min. P.O. shock and 

‘ -aspiration (goo toxt) 

_ _1 death sixth «lnv heart failute 


Xoue 


l in 21 hr. iu patient with calcified Nono 
myoenrdium; 1 in t$ weeks, general¬ 
ised miliary tuberculosis _ 

Nono None 


1 empyema in 4 weeks due to opening 
of bronchus 

1 empyema in 4 weeks with develop¬ 
ment of bronchial fistula (chron¬ 
ically infected pulmonary- cyst) 

2 localised cmpyouuu _ 


0 o7 7 4 


23 10 U 


1 3fi IS 0 

1 3S 10 0 


2 on first P.O. day, shook, pleurltis Patients continued, course unclmnged, 
1 on second P.O. day, pneumonia and left hospital 

l ou seventh P.O. day, pneumonia 

All advanced inoperable iimlignanries _ 

L on twelftli P.O. day in severe hyper- Nono 
teiibive, nono that develojicd wound 
Infection nnd uremia after sympath¬ 
ectomy ___ 

1 on twelfth P.O. day from Ouillain- Nono 
finrro sy-ndroino with respiratory- 
paralysis; autopsy* showed infectious 

neuronitis of spinal rord nnd medulla __ 

Nono 1 hi ini oral thmmljophlcbitin with 

multiple pulmonary emboli (largo 
traumatic loft diaphragmatic hernia 

_five years ’ duration _ . 


o£ air into and out of tho pleural opening to facilitate lung expansion by the 
intermittent pulmonary pressure. There is sometimes a tendency on tho part 
of tho surgeon to cover tho opening with tupes and rotractors. This interferes 
"nth the expansion of the lung in the air-filled hemithorax and, therefore, with 
the control of breathing. This interference can be avoided by the maintenance 
of an open pneumothorax during tho period of controlled breathing. 
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GROUP 6. EXPLORATORY THORACOTOMY 

This procedure was carried out in a heterogeneous group of patients, most 
of whom had inoperable lesions, mostly malignancies. Many of these patients 
had synechiae of the pleural cavities and fixation of the mediastinal structures. 
Mechanical control of breathing was more difficult in tills group before the use 
of curare. Better mechanical ventilation was possible after a considerable part 
of the lung on the side of the pneumothorax was freed from the chest wall so 
that the volume change in the liuig could be independent of the movement of 
the chest wall. 


GROUP 7. MISCELLANEOUS 

There are no special problems in these patients that are not discussed in 
connection with the other groups. 

GROUP 8. VAGOTOMY 

As a group, these patieuts should offer an excellent opportunity to observe 
the effects of anesthesia alone since the effect of the disease and of the operative 
procedure are minimal. However, to obtain highly significant data about the 
role of technique of anesthesia would require many more cases. One death 
following this procedure was due to an ascending myelitis of the spinal cord, 
proved by autopsy, and in all probability not related to the anesthesia.. This 
probably represents a very unusual complication and the possibility must be 
considered that the myelitis was in some way related to the operative procedure. 

GROUP 9. DLVPHRAGMATIC HERNIA 

The transpleural approach has been used in all diaphragmatic hemiae. All 
patients did well except one who developed a severe bilateral thrombophlebitis, 
the first sign of which was a massive pidmonary embolus, wliich the patient 
survived. 


SUMMARY 

Physiologic principles involved in the respiration of open pneumothorax 
are discussed and the evolution of augmented and controlled breathing by 
mechanical means is reviewed. Experiences yvith 115 patients are tabulated and 
discussed. The interrelationship of the effects of hypocapnea, ether, and curare 
in the mechanical control of breathing are discussed. 

j 

CONCLUSIONS 

As a result of our experience, we believe that there is a need for continued 
development and application of mechanically controlled respiration in thoracic 
surgery. However, it should be emphasized that a mechanical device is in no 
way a substitute for skill, knowledge, and experience in the management of 
anesthesia for thoracic surgery. It merely offers standardized control with a 
ran^e and variability of action sufficient to meet the needs of the patient as 
determined by the anesthetist. 
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It should be pointed out that, us far as determining the quality of our 
method of management is concerned, the study of the present small heteroge¬ 
nous group of patients would only be of value in bringing to light serious 
hazards of the method. No such complications of our method were noted. 
Whether the method, as outlined here, will bo of any permanent valuo will be 
determined by futuro development and application. 
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DISCUSSION 

DR. CLAUDE S. BECK, Cleveland, Ohio.—I hesitate to comment on this subject beenuso 
thoracic sui goons have done so many major operations without meelmnical respiration. On 
those occasions when you do get into difficulty during operation you havo the anesthetist 
compress tho gas bag a few times. The heart action improves oa does also the color, and the 
surgeon almost always is able to proceed to n successful conclusion of the operation. There 
are occasions, however, when tho course of events is not as favorable ns one might desire; 
compression of tho gas lmg by the anesthetist docs not restore cardiorespiratory function. 

I remember well a patient whose life won snvod by tho use of mechanical respiration. 
This patient had increased intracranial pressure and stopped breathing when ho wan placed 
on the operating table. An intratracheal tube was inserted and mechanical respiration was 
given. Tho skull was opened und a meningioma was removed from the tentorium. Tliis 
required several hours and during this period respiration was carried out by tho breatJUng 
machine. Toward tho end of the operation tho pationt was breathing on Ids own. I do not 
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believe that compression of tlie gas hag by hand would have been adequate to carry this 
patient along for several hours before his breatliing center regained function and I believe 
mechanical respiration by means of the respirator was a factor in recovery. 

The anesthetist can help the .patient a great deal by manual compression of the gas bag 
when the only requirements are several full inflations of the lungs. If either respiration or 
circulation is threatened with a breakdown over a long period of time, then it is my feeling 
that manual compression of the gas bag is not adequate. In this situation the lungs should 
be inflated and deflated to the proper degree with each respiration. 

When respiration ceases or when the heart stops beating, then proper pulmonary ven¬ 
tilation becomes a requirement. This can be accomplished by the usb of a respirator. Dr. 
Alautz has made a satisfactory respirator. It works on the principle of compression of a gas 
bag by means of air pressure rhythmically applied to the bag. The fact that air pressure is 
necessary limits its use. In the Army hospitals and in many civilian hospitals air pressure 
lias not been available in the operating rooms and I hope we can make a more simple respirator 
which can be ran by an electric motor. 

I want to make this concluding remark: I believe every operating room should he 
equipped with a respirator which can take over the job of breathing for the patient. 

Addendum .—On June 23 I operated upon a patient for funnel chest. At the conclusion 
of the operation the blood pressure disappeared and the heart beat could not be felt. Alechnn- 
icnl respiration was given and massage of the heart was carried out. Electrocardiogram 
showed a dying heart in ventricular fibrillation. It was one hour and ten minutes before we 
were able to defibrillate the heart and mechanical respiration and massage were necessary for 
a considerably longer period of time after the ventricles were deflbrillated. The beat was 
very weak but after another hour it became stronger. Complete recovery followed. In this 
instance, wliich in so far as I know, may be the first case of successful defibrillation, mechanical 
respiration was a requirement for recovery. 


DR. FBEDERICK G. KERGIN, Toronto, Out.—We have been concerned about the 
question of anoxia during certain thoracic operations, and particularly in those cases where 
the opposite side is the site of bronchiectasis, and even more particularly in the second side 
of bilateral cases. 

In order to study this problem we have used a machine called the oximeter, which gives 
continuous estimations of the oxygen saturation during operation. In fifty-eight observations 
on major cases we have found that during the course of pneumonectomy or lobectomy there 
is a steady, slow fall in the degree of arterial oxygen saturation to SO or S5 per cent, and 
in some cases to 60 or 70 per cent—levels wliich are probably dangerous. We have found 
that this can be compensated almost invariably by positive pressure anesthesia of 15 mm. of 
mercury. This appears to be due to a gradual atelectasis in the contralateral lung, associated 
with a shift in the mediastinum. 

We are coming now to the point that Sauerbruch suggested many years ago, operating 
with positive pressure on the contralateral lung. Our observations wall be continued and 
will bo reported later. 


DR. F. R. 1LAUTZ, Cleveland, Ohio.—I would like to emphasize just one thing which 
I did not have an opportunity to go over in detail in the presentation. 

It isn’t enough that we take care of anoxia. We must get the CO, out, and there have 
been reports in tliis connection, especially with the use of cyclopropane, in which very higi 
levels of CO;—over 100 volumes per cent—have been found after several hours of anesthesia, 
with a shift of the pH to below 7.9, and I think there is a real difficulty here of which wo o 
not have any good clinical evidence in some of these long transpleural operations. 



CANCER OP THE LUNG 

ISTKKVAl, AND LaTK RESULTS 01' OPERATION IN liKLATION TO Toi'OUHAl'HV AND 

Gross Pathology 

Harold Nkuiiof, M.L)., and Arthur II. Aufsfs, M.D. 

New York, N. Y. 

T IIE literature on iuten’al and lato results ufter pulmonary resection for 
carcinoma consists largely of statistics pertaining to survival for varying 
periods of time. It lacks information us to a possiblo relation of the gross 
pathology or the topography to tho results and, therefore, leads to tho assump¬ 
tion that one has no significant hearing upon the other. Occasionally an author 
relates cortain microscopic features to prognosis but, in tho main, tho liter¬ 
ature is decidedly uninformative as to a link between the typo of tumor and 
tho result of operation, as well as between the extent of regional lymph node 
involvement and tho operative result. As to the question of lobectomy, that is 
usually dismissed with tho statement that only pneumonectomy can bo antici¬ 
pated to offer a cure for cancer of tho lung. 

At two previous meotings of Tho American Association for Thoracic Surgery, 
a topographic classification of cancer of the lung was proposed, and argu¬ 
ments were advanced to support our contention that the classification should he 
used as a basis for operability and, therefore, for prognosis. We now submit 
an analysis of the results of operation based on such a classification, hoping to 
prove ita usefulness, b'urthermorc, we hope to show that prognosis based on 
aucroscopie features cannot he made witli any assurance, and that lobectomy 
based on topographio features lias its place in tho surgery of eaneor of the 
lung. 

Wo feel that this analysis is timely; our period of observation of a suffi¬ 
cient number of cases, fifty-two recoveries after pneumonectomy and lobec¬ 
tomy, is of such duration as to warrant a consideration of interval and late 
results after both procedures. Tho fifty-two cases comprise consecutively op¬ 
erated patients who were discharged from tho Hospital after pnlmonary resec¬ 
tions between Jnnuary, 1935, and December, 1915. There are no omissions. 
Tho follow-up is 100 per cent, none of tho patients having disappeared from 
observation. An eleven-year survival after pneumonectomy for sarcoma, and 
other moro or less prolonged survivals after operations for other forms of malig¬ 
nancy are excluded. Two eases of miuuto branchial carcinoma ora also ex¬ 
cluded, hut becauso of their uniquo character thoy are reported at the end of 
this paper. 

Operations were performed on the basis of favorablo topographic and 
ffross puthologic features. As a rule, ago or general condition played no role 
when the topography and pathology wore conducive to surgery. Patients with 
mvolvement of hilar lymph nodes were givon resection when surgical eradich- 
tioa appeared to be feasible, but, in our opinion, a frozen hilus or invasion of 

Prom The Mount Slnni Hospital, New York, N. Y, 

*- t the Twcnty-eeventh Annual Meeting of The American Awodatlon for Thoracic 
Hurjery, st Lout*, Mo., May 28, 25, an a 30. 1947. 

m 
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mediastinal nodes rendered patients inoperable. So-called palliative pneu¬ 
monectomy was not practiced. There were a few exceptions in which involved 
mediastinal nodes were discovered after the hilus had been severed in whole 
or in part. It should be stated here that none of these patients survived more 
than one year. 

The group subjected to lobectomy had circumscribed tumors situated in 
the periphery of lobes, in which regional lymph node involvement did not ex¬ 
ist or was thought to be absent. Reference will be made to errors in interpreta¬ 
tion and judgment in this group, which, in a few instances, led to incorrect 
management. Some of the tumors were of unusually large size, and virtually 
a whole lobe was involved in a few eases. Nevertheless, if a clean dissection of 
the hilar structures could be performed, lobectomy was adhered to on the basis 
of topographic features and the supposed absence of lymph node involvement. 

Peripherally" invasive tumors were subjected to resection regardless of their 
size or the extent of involvement of the thoracic cage if it was thought that 
excision beyond tumor tissue was possible. There are included a number of 
instances of invasive growths, paravertebrally situated, in which complete ex¬ 
cision was questionable because of the juxtaposition of the vertebral column. 
Lobectomy may be termed a subordinate part of the surgical procedure in many 
of these cases of peripherally" invasive cancer, attention having been focused 
on the excision of the involved portion of the thoracic parietes. Indeed, in 
some instances only" partial lobectomy for the relatively, or actually, insig¬ 
nificant pulmonary" component of the tumor was performed. 

For the purpose of this paper, the topographic classification is in three 
groups. They will be defined briefly, with the imderstanding that there are 
occasional instances in which doubt exists as to the precise classification. 

GROUP I. '.MAIN AND BRANCH BRONCHUS CANCERS 

They are infiltrative, with ill-defined limits (diffuse). The lesion may be 
ulcerative or may" involve the bronchial wall by" submucous extension. Bron- 
choscopic diagnosis is usually" positive, particularly" in the main bronchus can¬ 
cers. By the time these cases, especially the main bronchus cancel’s, come to 
operation, the regional lymph node involvement is likely to be extensive. Branch 
bronchus circumscribed tumors belong in Group II. 

GROUP IL CIRCUMSCRIBED CANCERS 

These are infiltrative microscopically, but grossly appear encapsulated and 
distinct from the adjacent pulmonary parenchyma. The roentgen appearance 
is characteristic. Essentially symptomless (except for the branch bronchus 
variety), erosion of the tumor into a large bronchus may provide a positive 
bronchoscopy. "With such an extension, there may" be hemoptysis or atelectasis. 
Regional lymph node involvement is likely to be limited; it may occur late m 
the course of the disease, or it may be nonexistent, even with extremely large 

growths. 

GROUP m. PERIPHERALLY INVASIVE CANCERS 

‘ These tumors are more or less grossly circumscribed on their medial aspect 
and thus are prone to cast a characteristic shadow on the x-ray'film. Perip - 
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erally, they invade adjacent structures, such as the thoracic pnrietes, superior 
aperture of the thorax, pericardium, or diaphragm. Bronchoscopy is negative. 
ITilor uodo involvement is unusual, hut involvement of the lymphatics and nodes 
in the area of peripheral invasion may he anticipated. 

Tho fifty-two eases wore divided ns follows: (Tnhlo I) Group I, main or 
branch bronchus cancer, twenty-one cases; Group II, circumscribed cancer, 
eighteen eases; Group III, peripherally invasive cancer, thirteen eases. 

In the twenty-one patients in Group I, pneiunoneclomy was performed 
in twenty and a lobectomy was done in one. In the Inttcr it was thought thnt 
the tumor was of the circumscribed type. In Group II, tliero were twelve 
lobectomies and six pneumonectomies, and in Group III, twelve lobectomies and 
ono pneumonectomy. Table I shows thnt lobectomy was confined entirely to 
tho circumscribed and peripherally invasive groups. Thus, of tho fifty-two 
patients, twenty-seven had pneumonectomies and twenty-five, lobectomies. 

Although theru wero twice as many pnoumoncctomies as lobectomies per¬ 
formed during the eleven-year period, there was an approximately equal num- 
!>er of operative survivals from each type of operation. This was duo to tho 
lower operative mortality following lobectomy. It might not bo amiss to point 
out that lobectomy appeured to bo the only operation that could be attempted in 
a low instances beeuuso of the age and general condition of tho patient. 

Detailed examination of tho groups reveals tho following: (Table II) 
Group I: Of the twenty-ono patients with main and branch bronchus car¬ 
cinomas, sovcu aro alive and freo from recurrence. Recurrence took placo in 
the single lobectomy, performed in error, as noted ubove. Of these soven pa¬ 
tients, three had no regional node involvement, and in four the involvement 
was limited to from ono to three small nodes. Of the fourteen patients who 
developed recurrences or mctastascs, the surgical specimens revealed that eight 
had lymph node involvement and six lmd none. Of the eight patients with node 
involvement at tho time of operation, four developed recurrences in the regional 
nodes and four developed blood-borne metnstases. Of tho six without node 
involvement, ono developed regional node recurrence and five developed blood- 
bomo mctastascs. The almost equal numbor of patients with and without node 
involvement in the nonsurvival group is contrary to expectations. Nevertheless, 
it is readily explained by tho high percentage of blood-borne motastases in this 
group, and especially in thoso patients without node involvement. 

In Group II, circumscribed cancors, seven patients aro alive and freo from 
recurrence. Thero wore twelve patients with lobectomies, of which four ore 
alivo and well, and six with pnoumoueetomies with three survivals. Tho analysis 
is to lie seen in Table III. Of tho eighteen patients in this group, four had 
involved nodes nt time of operation, three of them being limited to a single node. 
Of these four, only one, a patient with pneumonectomy, is alive. Of the four¬ 
teen without nodes, six aro alive; two after pneumonectomy and four' after 
lobectomy. There was one patient who died six months postoperutively due 
to an accident. At post-mortem examination no recurrence was found. 

In order to ascertain whether the eight patients in this group who died 
following lobectomy might have had a better result with a pneumonectomy, an 
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analysis of their causes of death was made. That three required pneumonectomy 
was evident at operation, but because of untoward developments during opera¬ 
tion a rapid lobectomy was performed. In three additional cases, early distant 
lymph node metastases indicate that even pneumonectomy would not have been 



TABLE I 



52 Cases 


Group I 

Main Bronchus 

Group II 
Circumscribed 

Group III 
Peripheral 
Invasive 

21 Cases 

18 Cases 

13 Cases 



Pneumonectomy Lobectomy Pneumonectomy Lobectomy Pneumonectomy Lobectomy 

20 1 6 12 1 12 

Pneumonectomy 27 
Lobectomy 25 

TABLE II 
Group 1 


Main and Branch Bronchus 
21 Cases 



Node Borne Node Uorne 

Recurrence Metastases Recurrence Metastn.es 

15 4 i 

curative. In two, late lymphatic recurrences suggest that pneumonectomy 
might have been curative. The unexpectedly high incidence of lymphatic m 
volvement as the cause of recurrence parallels its relatively low incidence n 
Group I cases. This is all the more surprising because the Group II tumors s 
often are silent, with blood-borne cerebral metastases pi’oducing the first symp¬ 
tom of disease. 
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Iu Group 111, peripherally invasive cancers (Table IV), none of the pa¬ 
tients had node involvement, but only three survived (one of these died four 
yearn post operatively from a main bronchus carcinoma of the other lung, which 
was regarded as unother primary tumor)- The cause for seven failures was lo¬ 
cal recurrence in the area of imriphernl invasion of the thoracic mill or other 
structures. Tliis oceum*d in spite of wide excision of the involved areas. 

TABLE III 


Group II 
Circumscribed 

IS Cases 



Incomplete 

Operation 


Pneumonectomy 
Would Have Been 
Valueless 


Pneumonectomies 
6 



Pneumonectomy 
Might Have Been 
of Value 


At Six 
Months 
No Ca 
At Pm 


Node 

Recurrence 


Metastasis 


18 Cases 



Nodes Involved 



No Nodes involved 




Alive 



Pn Lob 


Died or 
Recurrence 

Pn Lob 


(1 Pn Died 
From Accident 
0 Months Post 
Op. No Ca At 
Pm) 

Therefore, even wider block dissections appear warranted. Furthermore, tlie 
recurrence at the silo of peripheral invasion establishes that pneumonectomy 
could not have been any more curative than lobectomy. Blood-borno metastases 
woro the cause of failuro in the remaining threo patients. 
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The duration of survival of the seventeen “alive and -well” patients is 
seen in Table V. It should be noted that all survivals, with a single exception, 
are of more than two year's’ duration. Concerning the large number of patients 
in the two-to-three- and three-to-four-year groups, some of these may still de¬ 
velop recurrences and die from their original disease. That this may occur 
cannot be gainsaid. On the other hand, an analysis of the time of recurrence, 
metastasis, or death in thirty-four eases (Fig. 1) points to the likelihood of an 
indeterminate freedom from recurrence after two years. As can be seen, the 
great preponderance of recurrences or deaths occur in the first year, with only 
a few in the second year, and a single exception in the third year. The last 

TABLE IV 
Group III 

Peripherally Invasive 


13 Cases 



Local Blood—Borne 

Recurrences Metastases. 

> 

12 Lobectomies 
1 Pneumonectomy 

All Without Node Involvement 

mentioned is a patient who had had a lobectomy foy a circumscribed tumor with¬ 
out node involvement. Two and three-quarter years later he developed en¬ 
largement of a contralateral supraclavicular node. This was removed and 
showed metastatic carcinoma. There was no other evidence of metastasis. If 
these observations on the sharp line of cleavage at the end of the two-year period 
are borne out by larger statistics, as well as by further follow-up of this series, 
it would appear that cancer of the lung has a distinctive and favorable ultimate 
prognosis if patients are well two years after operation. 

Most observers base prognosis on the microscopic features of the tumor. 
An analysis of our cases (Table VI)’ shows that the squamous cell carcinomas 
were fairly evenly distributed among the three groups, and that the adenocai- 
cinomas comprised a liigh percentage of the circumscribed tumors. The sin 
vival rate is slightly higher for the adenocarcinomas as compared with t m 
squamous cell carcinomas (45 per cent to 29 per cent). Included in the squamous 
cell carcinomas are five cases of the undifferentiated type. Two of these patients 
are alive and well. The follow-up in our series does not indicate that the mieio 
scopic features of cancer of the lung are pertinent to the prognosis after radica 

excision. • 
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Survival in relation to topographic clussifloat ion Is shown in Table VII. If 
wo omit the three cases in which insuflh'icnt lobectomy was performed, we have 
a survival rate of almost 50 per cent in cimmismbcd cancer as compared with 
33 per cent for main bronchus cancer. Thus, a widely held view that the ulti¬ 
mate prognosis after operation for circumscribed cancer of the lung is poor is 
not borne out in this series. 


HO. 

CIS £3 

11 

10 

9 

8 

7 

0 

5 

4 

3 

2 

1 

MQITB3 

Kljf. 1,—Tlmo of upptatmnco of recurrence. mctm»to*Lfl, or death In thirty-four ctL*e*. 



There arc many who are of the opinion that lobectomy has no place in the 
surgical therapy of pulmonary carcinoma. It has long been our thesis that be¬ 
cause of tho frequent absence of regional node involvcmont in the circumscribed 
and peripherally invasive groups, lobectomy lias a place in the surgery of these 
types of cancer. In this series of fifty-two cases, there are ten survivals after 
twenty-seven pneumonectomies and seven survivals after twenty-five lobectomies 
(Table VIII). These figures substantiate our contention that lobectomy has its 
indications in the surgery of pulmonary carcinoma. However, lobectomy should 
be limited to cases without node involvement and in which the tumor is not in 
close proximity to tho hilus. It is obvious that not only lower mortality but also 
letter functional results cun, in general, be anticipated after lobectomy as com¬ 
pared with pneumonectomy. 
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Table V. Duration op Survival 


years 

| ' NO. CASES 

1-2 

1 

2-3 

7 

3-4 

4 

4-5 

■ 1 

5-6 

2 

7-8 

2 

Total 

17 


Table VI. Microscopic Pathology in Fifty-Two Cases 


SQUAMOUS CELL 
CARCINOMA* 

ADENOCAR¬ 

CINOMA 

SMALL CELL 

CARCINOMA 

Main bronchus 

15 

3 

3 

Circumscribed 

ii 

7 


Peripherally invasive 

12 

1 


Total 

38 

11 

3 

MICROSCOPIC PATHOLOGY IN SEVENTEEN SURVIVALS 



NO. | 

% 

Squamous cell carcinoma* 


11 

29 

Adenocarcinoma 


5 

45 

Small cell carcinoma 


1 

33 

♦Included In the squamous cell 

carcinomas are five of the undifferentiated type. Two of 

these are alive and well. 





Table VH. Survival in Relation to Group Classification 



NO. CASES 

| SURVIVALS | 

% 

Main bronchus 

21 

7 

33.3 

Circumscribed 

18 

7 

38.8 

Peripherally invasive 

13 

3 

23 


Table VEU. Survival in Relation to Type or Operation 



NO. CASES 

| SURVIVALS | 

% 

Lobectomy 

25 

7 

28 

Pneumonectomy 

27 

10 

37 


The following two cases, previously referred to, are unique instances of 
minute bronchial cancer. Although both patients are alive and well, they bavc 
not been included in the statistics because of the peculiar nature of their 
pathologic findings. 


D.- Z., a man aged 03 years, was admitted to The Mount Sinai Hospital on Dec. 32, 1 ■ > 
with a history of an attack of pneumonia, with roentgen evidence, two months previous.. 
Subsequently, he had a slight cough, substemal pain, and dyspnea. He had an old cardiac 
lesion. X-ray examination of the chest was essentially negative. He was bronchoscope* 
and a “bump” was seen at the orifice of the right upper lobe bronchus. A specimen was 
removed and was reported “squamous cell carcinoma.” Right pneumonectomy was P er 
formed, and although the postoperative course was complicated by cardiac decompensation, 
he recovered; and he is alive and well today. 

Examination of the specimen failed to reveal any evidence of carcinoma. Many sec o^ 
from the biopsy site were examined. A number of pathologists who reviewed theorigin^ 
slide were all in agreement as to the diagnosis of malignancy. A careful investigation ru 
out any possibility of a mix-up in specimens or slides. 

a man of 47 years, was admitted to The Mount Sinai Hospital on i e . » 
with a "history of cough for two years. Because of a persistent shadow in the region o 
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right mlfldlo lobo on x-ray examination, hu was bronchobcopod, anil a biopay from Uio right 
aiiddlo lobo bronchus showed “aquduioua cell carcinoma.'* Illglit middle lobcclouty was per¬ 
formed on Feb. 23, 10-1-1. Tlio lolw was found ntelivtat ill nnd shrunken. Immediate examina¬ 
tion of tlio specimen showed no tumor; therefore, nnother aego'enl of Iho bronchua was re- 
moecd, but this nteo appeared negative for enrcinoma. Diligent mieroacople ciarninatlona 
of these apeclmena failed to reveal any evidence of malignancy. A recheek on tho original 
biopsy specimen auhatantintcd tho ilingnoaia. An empyema developed postopomtively; after 
this tma dmiacd and the patient was runvu!e>ccut, bronchoaeopy tins again jierformod. A 
biopsy taken from tho stump of tho middle lobo brunchua showed "Fragments of bronchial 
mucosa showing mutapluatie wjuamoua cell epithelium nud a fetv iaolated irregular eella. Xu 
eridenco of tumor." The patient ia nlive and well today. 

SUMMARY AND CONCLUSIONS 

1. Interval nnd Into results nro reporlcd on fifty-two patients who survived 
operation. Tho.v ltuve lieett classified in three groups. The operations porfonned 
in each were: Group I, twenty pneumonectomies and one lobectomy; Group II, 
twelve lohectomies and six pneumonectomies; Group 111, twelve lobectomies und 
one pneumonectomy. 

2. In Group I (tlio main bronchus cuucer), lltere were no survivals in 
patients with extensive regional nodu involvement in tho specimen. Iuvolvo- 
ment was limited, or absent, in tho seven patients who survived. An unex¬ 
pectedly high occurrence of hlood-ltorne metastases wus tho fatal factor, es¬ 
pecially in tho eases without lymph node involvement at the timo of operation. 

3. In Group II (circumscribed cancer), lymph node involvement at tho 
timo of operation was rare, yet lymph node metastases ns the cause of dentil 
was unexpectedly high. The incident of blood-borne metastases was snrprisingly 
low. Lobectomy is not curative in tho presence of lymph node involvement. 

I. Despite tho ahsenco of regional node involvement, the results wore poor 
in Group III (peripherally invasive cancer), duo to local rccurronco, usually 
in the thoracic pnriotes. Results might he better with wider excision of tho 
thoracic wall. 

5. Tho microscopic features of cancer of tho lung bear no significant rolation 
to tho ultimnto postoperative prognosis. 

fi. Tho prognosis after a correctly selected operation for circumscribed can¬ 
cer of the lung is bettor than that for main bronchus cancers. 

7. Lobectomy Ls n properly conceived operation which muy lie curative for 
circumscribed and peripherally invasive carcinoma of the lung. 

8. A substantial proportion of good interval and late results has been 
achieved by pneumonectomy oy moro conservative operations performed on the 
basis of the topographic features of tho neoplasm. Thore is fid] justification for 
au enthusiasm for tho surgery of cancer of tho lung when eradication is based 
upon the recognition and consideration of the topographic features. 
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CARCINOMA OF THE LUNG 

Factors Affectlxo Survival After Resection' of Cancer of the Lung 

Ralph Adams, M.D. 

Louisville, Ky. 

F IFTEEN years have elapsed since the first successful bilobectomy by 
Churchill and the first successful pneumonectomy by Graham for carcinoma 
were reported by the operators. Since those reports, various clinics have slowly 
accumulated a sufficient number of operative cases to permit numerical examrna- 
tion of the fate of the hospital survivors and critical study of the factors which 
seem to affect the time and rate of survival. This paper presents an analysis 
of one such group of cases. , 

In the period of fifteen yeais ending Dee. 31, 1945, a diagnosis of car¬ 
cinoma of the lung was established by microscopic proof in 182 cases at the 
Lahey Clinic. One hundred twenty-six patients (69.2 per cent) were inoperable 
for various reasons. A resection of the lesion by means of a pneumonectomy 
or a lobectomy was done in fifty-six cases (30.8 per cent; Table I). Eight 
(14.3 per cent) of these fifty-six patients died postoperatively in the hospital 
(Table II) from the causes stated in Table III. The over-all hospital mortality 
of 14.3 per cent has been reduced during the last five years under consideration 
to 5.1 per cent in thirty-nine resections. 

The results in the forty-eight patients on whom resection was carried out 
and the patients discharged alive from the hospital are correct through Dec. 
31, 1946. Patients on whom operation was performed in the year 1946 were 
excluded in order that this study of clinical outcome might not be complicated 
by observations of less than one year’s duration. From the forty-eight cases, 
an attempt is made to assay factors related to the carcinoma, its behavior, and 
its treatment, which appear to affect survival time in the meager light of our 
present knowledge of cancer. 

1. RESULTS OF ALL RESECTIONS (Chart 1) 

This chart and those which follow are constructed in a similar mannei- 
The completed years since the resection was done are represented on the ab¬ 
scissa and the number of cases on the ordinate. The rectangles demonstrate b) 
height the number of patients operated upon a period of years previously, cor¬ 
responding to or longer than the five yearly periods considered. The shaded 
portion of each rectangle illustrates ‘the number and the percentage of patients 
surviving for the same or a longer period. The lowermost or black portion, 
where present, shows the number and the percentage of patients who were 
operated upon as long or longer ago than the respective years indicated, living 
and well on Dec. 31,1946. 

• From the Department of Surgery, The Lahey Clinic. Boston. . ric ic 

Read at the Twenty-seventh Annual Meeting: of The American. Association foi 1 
Surgery. St. Louis, Mo„ May 28. 29, and 30, 1947. 
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Proved 
Inopo ruble 
Rejection 


Table I. Carcinoma or Luxe 


cases \ rns cent 

182 ' “ 

120 G9.2 

C« 30.8 


Table II. Carcinoma or tiik Lrxu: Ka(T<»kh A»tk<ttn<i Sckvival After Operation 


CASES i PER CENT 

Resected cu5i» 50 

Hospital dentliH S 14.5 

DlKuareed alive 48 S5.7 

Hospital mortality, lust 5 years 5.1 

(2 In 50)_ 


Table IIL Carcinoma ok Luno : Cacsks of Hospital Death in Fifty-six Resections 


l*ulmoimry Embolus 1 

Cardiac Failure i 

Pneumonia and Alokvta/iH 3 

Hemorrhage 2 

Fistula and Empycnm 1 

’Total * ' 8 


Of forty-eight patients on whom reseetion was dono more thuii one year 
previously, thirty-one (04.5 per cent) survived for more than ono year, and 
fifteen (31.2 per cent) are at present (Pec. 31, 1946) living and well for more 
Ilian one year. Of seventeen on whom resection had been done more than five 
years previously, six patients (35.3 per cent) survived for more than Jive years, 
aud four (23.5 per cent) arc now living and well for more than five years. The 
microscopic slides of specimens from nil patients surviving and well have been 
critically reviewed to be sure that no case of bronchial adenoma was unwit¬ 
tingly included in this study. This first chart represents tho composite results 
of reseetion, without regard to any of the other variations considered in tho 
subsequent charts. 

2. duiutio.y or SV-MITOMS (Chart 2) 

The problem of earlier diagnosis is constantly with us. A majority of the 
126 patients on whom operation was not done (69.2 per cent) had conditions 
which were, no doubt, technically inoperable because of lateness in diagnosis, hut 
in the specifically limited scope of this paper the influence of symptom duration 
npon prognosis after resection is shown in Chart 2. Twenty patients had symp¬ 
toms for less than six montlis in the group operated upon one year or more 
previously. Thirteen (65 per cent) survived a year or more and eight (40 per 
cent) are living and well. Two (33.3 per cent) of six operated upon for more 
than five years survived five or more years, but none are now alive and well. 
In the group with symptoms for soven to twelve months thero were twenty 
patients operated upon more than one year previously, of whom thirteen (65 
per cent) survived for more than ono year, aud five (25 per cent) are now 
alive and well. In soven cases more than five years has elapsed since operation. 
Three patients (42.8 per cent) survived for more than five years and two 
(28.5 per cent) are now living and well for more than five years. Symptoms 
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persisted for more than one year prior to operation in a group of eight patients 
operated upon more than one year previously. Five (62.5 per cent) of these 
survived a year or more and two (25 per cent) are still alive and well. Only 
one of four patients operated upon five years previously sm-vived for as long 



Chart 1. 

PROGNOSIS IN RELATION TO DURATION OF SYMPTOMS 



Chart 2. 

as one year, and that patient is now dead. It is thus apparent that any patient 
who has a pulmonary carcinoma resected and leaves the hospital alive has ap 
nroximately a 60 to 65 per cent chance of surviving one year thereafter, regai 
less of the prior duration of symptoms. Examination of the intervening columns 
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for two, three, and four years indicates tlio accelerated rate at which patients 
who have had symptoms of long duration prior to resection succumb. The 
fact is not readily adaptable to visual presentation on a chart, but it was appar¬ 
ent from examination of the individual records that many patients with the 
more anaplastic types of tumors were seen when their symptoms were of less 
than six montlis’ duration. Similarly, it is obvious by hindsight that several of 
the patients with slowly growing tumors had not presented themselves until 
they bad had symptoms for between seven and twelvo months. It is bolioved 
that these observations explain the better survival rale in patients with symp¬ 
toms of seven to twelvo montlis for the group at present living and well than 
for those with symptoms of less than six months. 


CASES 
22 - 

20 
18- 
16 
14 

' 2 1 
10 

8 - 
6. 

4- 

£- 

YEARS I 2 




m 

Ga 


SOW 

M 


PROGNOSIS IN TERMS OF SIZE OF LESION 



Cbart 3. 


3. PROGNOSIS IN TERMS Of SIZE Of IJCStO.V (Churt 3) 

Every gastric surgeon is familiar with the tiny carcinoma of the stomach 
which is easily resectable but the patient dies of recurrent or metastatic malig¬ 
nancy within a year or oightecu months. Ho can by comparison recall other 
eases with largo fungating lesions that have not extended outside the stomach 
grossly and can cite an occasional patient living and apparently well three or 
four years lator. An attempt to correlate survival with the sixo of the pul¬ 
monary lesion as determined by tho pathologist’s measurement of the excised 
specimen indicates somo similarity to gastric carcinoma. For purposes of 
analysis the carcinomas wore segregated into groups containing those less than 
2 cm., those less than 5 cm., and those over 6 cm. in diameter. 

Chart 3 illustrates this discrepancy from common-sense expectation in 
respect to sizo of tho lesion for short-term survival periods. 

Ono (11J. per cent) of nine patients with lesions less than 2 em. in diameter 
is alive and well for more than ono year ns is one (16.6 per cent) of six patients 



OUJ 


THE JOURNAL OF THORACIC SURGERY 


who had had operations more than five years previously. Of the patients with 
carcinomas between 3 and 5 cm. in diameter, eleven (50 per cent) of twenty-two 
jure living and well for more than one year as are two (28.5 per cent) of seven 
patients who had had operations more than five years before. Of the patients 
with growths more than 6 cm. in diameter, three (17.6 per cent) of seventeen 
are alive and well for more than one year, as is one (25 per cent) of four 
patients operated upon more than five years ago. It, therefore, appeal’s that 
the size of the lesion as determined by actual measurement of the excised speci¬ 
men is an unreliable indicator of prognosis. It is suggested that the frequently 
attending pneumonitis and signs of collapse make the apparent size of the lesion 
as judged from examination of a radiographic film even less reliable as an 
aid in estimating preoperatively the chance of survival in an individual case. 



Chart 4. 

4. PROGNOSIS IN REFERENCE TO TYPE OF RESECTION DONE (Chart 4) 

Based upon the philosophy that mass removal of the involved organ and 
contiguous lymph nodes represents the nearest attainable surgical appio ac *° 
the ideal in cancer therapy, it has been logical to assume that pneiunonectoniy 
offers a preferable type of treatment to any more limited type of. resection m 

cancer of the lung. No significant difference of viewpoint from this eoneep 

workin°- practice is implied. For upper lobe lesions, however, where the ymp 
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drainage pathways arc characteristically directed toward tho uxygous nodes, and 
for certain peripherally situated lower lobe lesions with no demonstrable nodal 
involvement, wo have for several years been of tho opinion that a lobectomy 
offered almost equal chance of long survival, with tho advantages of appre¬ 
ciably lessened operntivo risk and greater functional capacity. As indicated in 
Chart 4, thirty-live of theso forty-eight resections were accomplished by pneu¬ 
monectomy and thirteen by lobectomy. Twenty-three (05.7 per cent) of the 
thirty-live patients on whom pnouinoncctomy was done one year or more pre¬ 
viously havo survived that length of time mid ten (28.5 per cent) are still 
living and well. Of twelve pntients treated by pneumonectomy moro than llvo 
years ago, three (25 per cent) survived for llvo years and two (1G.G per cont) 
are now alive and well. These figures may bo compared with thoso for the 
lobectomy group of thirteen cases with operation more than one year previously, 
of which eight patients (G1.5 per cent) survived for more than a year, and 
five (38.4 per cent) are still alive and well. Of five pntients on whom lobectomy 
had been done more than five years previously, three (GO per cent) survived 
five or more years, and two (40 per cent) are still alive and well. It is scarcely 
necessary to call attention to tho fact that the patients with moro advanced dis¬ 
ease were treated by pneumonectomy. 

0. SURVIVAL RATE EC RESPECT TO XOUAI. INVOLVEMENT (Chart 5) 

In. cancer of other organs, such as tho breast and rectum, it has long been 
known that the presence or absence of involvement of lymph nodes is a pre¬ 
ponderant if not determinative consideration in estimating the individual pa¬ 
tient’s chanco for long survival. It was assumed early in the surgical attack 
upon pulmonary cancer that an analogous type of behavior would be encoun¬ 
tered. This assumption lias proved to bo true. Chnrt 5 presents additional 
items in confirmation of the thesis. Tho forty-eight patients with resection arc 
divided into two groups solely on the basis of whether there was microscopically 
demonstrable involvement of tho regional lymph nodes. Tho lymph nodes were 
positive in oighteon cases moro than one year after operation. Nino (50 per 
cent) of these patients survived for ono year hut only one patient (5.5 por 
cent) is now living and well for more than a year. Of sis patients with posi¬ 
tive nodes on whom operation was done more than five years previously, 1 
patient survived for five years and is at present alive and well. Thirty patients 
had negative nodes more tlinn one year later; twenty-ono pntionts (70 per 
cent) survived for more than a year; and fourteen (46.6 per cent) are now 
alive and well for more than one year. Of eleven pntients with negative nodes 
more than fivo years inter, four patients (36.3 per cent) survived for five years, 
and threo (27.2 por cent) are alivo and well for more than five years. 

6. rnoGNOsis w relation to cell type (Charts 6A and 6B) 

Herein lies the crux of tho matter in respect to survival after resection for 
cancer of the lung. The pathologists, purely on tho basis of what they could 
see in tho specimen and in their microscopic slides and without knowledge of ■ 
tho individual clinical problems, have divided theso forty-eight eases into four 
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classifications. The specimen in one case was so anaplastic that it c-ould not be 
classified. That patient died less than one year after the resection {Chart 6A). 
In six patients, after more than a year the diagnosis was undifferentiated 
carcinoma. One patient is living and apparently well over a year after the 
resection, but all other patients were dead within a year of the resection. It 
may be observed that the results in oat cell carcinoma are comparable to tho.se 
in undifferentiated carcinoma, not one of three patients having survived for 
over a year after resection. In eight cases (Chart 6 B) the microscopic diagno¬ 
sis was adenocarcinoma; five patients (62.5 per cent) survived for a year and 
two (25 per cent) are now alive and well for more than one year. The longest 
survival has been three years. Two patients had. been operated more than five 
years previously, but both patients died within three years. 



Chart 5. 


In Chart 6 B the thirty eases with a diagnosis of epidermoid carcinoma an 
also shown. Twenty-four (SO per cent) of these patients survived for more than 
one year; twelve (40 per cent) are alive and well after more than one > eiU - 
Of eleven epidermoid cases, after more than five years, four patients (36.3 P cl ' 
cent) are at the present time living and well for more than five years, the l°n- 


est survivor being alive and well for more than ten .veal's. 

If these cases could be multiplied by an experience 100 times as large * m< 
if the same general arrangements should he found to persist, one would t njti 
have available data of statistical value and significance. Although factua > 
correct, statistical validity is not claimed for the present series because t e 
numbers are too small. These data are presented in a statistical manner m »• 





ADAMS: CARCINOMA OK I.UNO 


31:1 


lio|H! tlmt they accurately retleet trends of behavior in t ho various types of 
ciirrinonm of the lung. When n snflirient number of Hve-ycnr results for the 
various ehissifications of eureinoinn of the lung have been ptiblishetl, it should 
Ik possible for a statistieiim of experience to make available to thorneie surgeons 


PROGNOSIS IN RELATION TO CELL TYPE 


CASES 




Chart >B. 

a composite analysis of the problem of cuneer of the hint; of a value and authen- 
heity similar to thoso studies already established for cancer of the abdominul 
viscera, the cervix, the rectum, and the In-east. 

'■ PKOONOSIH OK WIOEHMOID CARCINOMA IN' RIMKECT TO IIHODKH.S ’ SUUUROUPS 

(f'lmrt 7) 

Tile thirty cases of epidermoid carcinoma were further sulxlivided by the 
pathologists into Grades I, If, and III according to Broders’ classification. 
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Only three cases were classified as- Grade I, and those three patients are all 
surviving and well for the period since operation. The longest survivor is now 
alive and well for four year’s. No case in this subgroup has been done for as 
long as five years. Eleven cases were Grade II. Nine (81.8 per cent) of the 
eleven patients in whom resection was done one year previously survived for a 
year or more and five (55.5 per cent) are still alive and well. Of six cases in 
Grade II, after more than five years three patients (50 per cent) are still alive 
and well. Of sixteen cases of Grade III epidermoid carcinoma, after more than 
one year, twelve patients (75 per cent) survived more than a year, and four 
(25 per cent) are still alive and well. Of five cases, after more than five years, 
1 patient (20 per cent) remains alive and well. It would seem, therefore, that, 
the subgrouping of epidermoid carcinoma of the lung, as suggested by Broders, 
has some prognostic value. 

PROGNOSIS ACCORDING TO BRODER'S SUB GROUPS 


CASES 

16-1- 


EP1DERMOID GR.I 


14 


12 

10 


EPIDERMOID GR.H 


8 - 
6 - 
4-- 



YEARS 12345 


EPIDERMOID GR.m 



Chart 7. 

Like surgery for the treatment of cancer, however, it must be admitted 
that morphologic study of cancer cells as a means of estimating the prognosis 
is a method of approximation. Again like the surgeons, the pathologists wish 
that they had something better to offer. Efforts have been and are being made 
at refinement by transplants of excised tumor tissue into the corneal cavity o 
the guinea pig eye. Unfortunately, the infection present in the tumor frequently 
destroys the transplant. Efforts also are being made along the lines of tissue 
culture, but this work is still in an experimental stage. 

SUMMARY 

Factors which may affect length of survival after operative removal of 
cancer of the lung are analyzed in a series of fifty-six consecutive cases wi 1 
resection, for the period ending Dec. 31, 1945. These data are correct as of ec. 

31 1946 j 

’ E H lt patients (14.3 per cent) died in the hospital. Two deaths occurred 

in the last thirty-nine resections (5.1 per cent). In the remaining forty-ei 0 


ADAMS: CARCINOMA Ob' LUNG 


315 


cases, seventeen patients have been operated upon for five or more years, of 
which six (35.2 per cent) survived over five yeui-s and four (23.5 per eent) are 
now living and well for over five years. 

. Regardless of tiio duration of symptoms, a patient who has a resection and 
survives tho operative procedure has approximately a 60 per cent cliunce of 
surviving for one or moro years. Thereafter, tho rate of death front recurrence 
is directly related to tho preoperative duration of symptoms for epidermoid 
carcinoma. In other varieties, the cell type is of greater prognostic significance 
than tho symptoms’ duration. 

The size of the lesion as judged from a radiographic film is scarcely rele¬ 
vant in estimating prognosis, and even the sizo of the resected lesion by actual 
measurement is a poor indication of likely survival time. 

With respect to the type of operation done, the survival rate in patients 
for whom lobectomy was selected has been ns good ns for patients treated by 
pnoumonectomy. 

Tile absence of demonstrably involved nodes increases threefold a patient's 
elmneo of being alive und well five years after resection. For shorter periods, 
tho difference of outlook Is .oven more striking. 

Tho cell typo of carcinoma found by microscopic examination is the most 
important single consideration in estimation of proguosix after a resection. If 
the growth is undifferentiated or oat cell carcinoma in type, less than a year 
of life may bo expected. Of fifteen patients now living and well beyond ono 
year, twelve had epidermoid carcinoma, two had adenocarcinoma, and one un¬ 
differentiated carcinoma. Patieiits with the epidermoid type of carcinoma havo 
tho best prospect of long survival. Broilers’ method of subgrouping appears 
to be confirmed as a prognostic aid. 
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DISCUSSION’ 

DK. PETEK A. 1IERBUT, Philadelphia, Pa.—Tho purposo of examining bronchial sec^o- 
tiona for neoplastic colls is to arrive at an earlier diagnosis in carcinoma of tho lung. The 
soerotioru aro sent to tho laboratory in a collector, and thero smears are prepared by the 
Papal nltolaou technique. With thetro propnmtiona, neoplastic cells aro just aa pleomorphic 
as thoy aro in cytologic flections. Accordingly, thoy nmy bo divided into threo main categories: 

1. Squnmous coll carcinoma, which constitutes nl>out 75 por cent of all primary cancers 
of the long, 

2- The completely undifferentiated or anaplastic growtlis which, fortunately, constitute 
only about 4 per cent of tho growths. 

3. All the cases between tho extremes of No. 1 and ii. 

These slides represent sonio of the cells wliicli aro commonly seem It is virtually 
impossible to show all tho types bocausa they vary so tremendously. 

(Slldo.) This is the squamous coll carcinoma, Ono frequently finds large collections 
of neoplastic cells such us wo seo here. In tho more differentiated growtim, these cells still 
maintain the relatively normal stratification that wo see at tho periphery and at tho lower 
portion. 
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The cells have rather indistinct boundaries. Their cytoplasmatic substance here is of 
an orange color. 

(Slide.) In other cases of the squamous carcinomas in wliicli the tumor is more un¬ 
differentiated, one again sees large masses of epithelial cells. These cells here, however, 
are a little bit larger. The borders are still indistinct. The cytoplasm, in contrast to the 
others, is more bluish-green, and, in areas, of a lighter orange color. The nuclei are large 
Tlier are still not extremely hypoclixomatic. This is a normal epithelial cell of columnar 
type—we see this tapering end, which is quite characteristic. 

(Slide.) Again, in squamous cell carcinomas, we frequently find keratinizing cells such 
as these, with abundant orange cytoplasm, and intensively hypockromatie nuclei. 

(Slide.) Here is a smear of the tumor from the same case. These two cells could he 
superimposed upon each other. These other cells are neoplastic cells, and they appear different 
and stain differently than the keratinizing cells. 

(Slide.) Once again, from squamous cell carcinomas, a similar type of cell, except this 
cytoplasm is probably a little more pinkish. In the other slide it was more of a yellowish- 
orange color. This slide is rather dark, but I think you can see the same type of cell 

(Slide.) Then, also, as far as the squamous cell carcinomas are concerned, we some¬ 
times see these distinct epithelial cells. We see other orange cells, all neoplastic. When 
one sees such a picture, one can diagnose carcinoma readily. 

(Slide.) At the other extreme is the completely undifferentiated type. This is the 
most difficult to recognize, as you would expect. The cells are round, oval, or elongated. 
The cytoplasm is almost imperceptible; sometimes there is a scanty amount seen around the 
nuclei. The nuclei are evenly stained, and sometimes one can see a single or as many as 
three or four nucleoli within the single nucleus. 

These, as I say, constitute only about 4 per cent of the cases. With the knowledge 
accumulated, our diagnoses, even with these, are more certain than they were before. 

(Slide.) In between, of course, one sees many types of neoplastic cells. Here is one 
" which there are two cells coming together. The nucleus, again, is relatively large, occu- 
.s most of the cytoplasm and stain rather lightly. The nucleoli are quite prominent. 
.The cytoplasm is sharply defined, hut in other areas it tends to fade out into the rest 
of the material in the slide. 

(Slide.) Here is another type of cell in which the nucleus constitutes practically the 
entire cell with only scanty cytoplasm along the border. 

(Slide.) Here is still another type of cell in which there are four nuclei within a singlo 


cell. 

(Slide.) And finally, here is a group of three cells in which, again, the cytoplasm is 
moderate in amount and of a dirty gray color, and the nuclei are deeply stained. 

. (Slide.) At the time this chart was made, we had 525 preparations, ami in those there 
were US eases of proved carcinoma of the lung. Of these 118, the diagnosis was made hj 
the cytologic method in 105, or S9 per cent. Now I might add that some of these patients 
bronchoscoped three and four times before we found the cells. If there is some question in¬ 
to whether the cells are positive or not, we ask for repeated bronchoscopie examinations unti 
we can decide one way or another. 

The biopsy was positive in fifty-two of the IIS cases, or 44 per cent—less than half of 
the ones in which we found neoplastic cells in its secretion. However, in addition to these 
fifty-two cases, there was stenosis or other evidence of bronchial neoplasm, such as distortion, 
and so forth, in twenty-three. 

There were thirty-two cases in which a bronchoscopie examination was completely nega 
tive and in which cells were found in the secretion. 

These results we consider as unequivocal. The method is recommended without an\ 


nvntion. 

DR, MICHAEL E. DeBAKEY, Hew Orleans, La—The best that we have ever been 
» to do without the use of this particular method has been a positive diagnosis 
loration in about two-thirds of the eases and in the most recent analysis of our exponent 
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this incidence wrn* found 1 tt bo slightly ltw llinn Ml per rent. It is obvioiiH tlmi thero in 
much 01*0(1 for improvement in our diagnostic methods. Otir experience with this diagnostic 
procedure has lH*en limited hut we lmxo lRH.*n so impressed with its vnlno that wo now employ 
it routinely in nil cases in which nn actual biopsy cannot Ik* obtained. 

1 should like to show the Toaults of the most rts-ent analysis of our experience with 
pubnonary malignancy, particularly with regard to the followup studies. This first slide 
shows a break-down of our exjierlenco with the total uumin*r of 412 cases observed over a 
period of approximately twelve yearn. It umy be noted that 240 patients (50.7 per cent) 
were explored and of this number ninety-nine (40 per cent) were found to be nonresectablo 
ami 147 (<Ul per cent') were resectable. Of the 147 patients on whom resection wna done, 
thirty-six (2J.5 per cent) dim! iu the huspjtnl and 111 survived the operation. Reduced to 
simple terms, it limy In* stated that of every three cum*s of pulmonary malignancy seen 
clinically, two will Ik* found operable and only one will prove resectable. Although these 
figures are soaiowhnt higher than thow* found in tiie series collected from tlio literature, 
they are in accord with those appearing in the most recent reports which rutlect an on- 
cournging tread towjird a higher incidence. They art*, however, still much too low and em- 
plundzo the need for wider recognition of the problem and for earlier diagnosis. 

This uext slide is n graphic representation of our hospital mortality. Of tlio total 
series of 147 cases in which resection was done, the hospital mortality was 24.5 per cent. 
When, these case* are divided into thux* oponite<l on iK'fore and after 1942, tlio hospital 
mortality figures for these periods are 4d.4 per cent and 10.5 i>cr cent, res(>cclively. While 
this shows a definite improvement in the inoitality rate, it np]M*urH still relatively high, but 
I should like to stress one point in regard to this fact, a point which emphasizes further 
tho statements made by Dr. Gibbon with iegnrd to o{H*ml>ility. Approximately oiio-half of 
these hospital deatliH umy be legurded us uoupreventablo since they wore duo to cardio¬ 
vascular complications, but they reprc*s*nt a risk which must 1)0 nssumed in pneumonectomy 
for rarcinoma of tho lung unless the criteria of operability are so strictly limited that pa¬ 
tients in whom thoy are likely to occur an* excluded from surgery and nro thus denied their 
only chance of salvage. 

Thin next slide is especially inteu*sling for it lepiesent* the five-year survival rnto uftcr 
resection in tho preoent series of pulmonary malignancy. It nmv be observed that of the 
123 patients operated uj>n» six montlm or more ago, a little mmo than one-hnlf survived tho 
six-month period after njHMntiori. In this analysis, of course, all deaths, whether in the 
hospital or after discharge from tho hospital, are inrludeO. Slightly less than threo-flftli* 
of tho patients, including those who died in the hospital, died within tho first year. After 
that time, however, the death rate increased much less rapidly and by tho end of fire years, 
approximately one-fourth of the patients submitted to resection wero still alivo. Thus tho 
distribution curve for the Mirvivnl rate after resection for pulmonary malignancy drops rather 
rapidly within the first two yeais after operation, but by the third year it becomes fairly 
well stabilized nnd continues almost ns a plateau until the fifth year. 

This next slide ih n graphic representation of tho survival rnto after resection analyzed 
from the standi>oint of whether the growth won limited to tho lung or lmd extended beyond 
it by encroachment upon contiguous structures or by regional motnstnses. As was expected, 
the survival rnto among tlio patients with localized growths wns significantly greater than 
that for patients with extension, the figures being 42.0 per cont nnd 022 per cent, respectively, 
at the end of five years. It ia particularly interesting tlrnt thoro should lmvo been any 
patient with extension of tho lesion beyond tho lung who could imve survived five years. 
This fact emphasizes another (mint that Dr. Glblxm nmdo concerning criteria for operability. 

This final slide summarizes our experience with operability, resectability, and sarvivnl 
rates for carcinoma of tlio lung. It may bo noted that in a given group of twenty-five eases 
of pulmonary malignancy, about fifteen conditions would meet the criteria of operability 
and thus Iw explored; nine, or approximately one-tlurd, would prove resectable; about seven 
patients, or a fourth of tho original number, would survivo resection; and only two or 
approximately 8 per cent, would survive five years or longer. It is interesting to compare 
these results with those obtained in the treatment of carcinoma of the stomach, a problem 
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which has received the attention of the profession for a much longer period than that of 
carcinoma of the lung. Perhaps some gratification may be had from the fact that these 
results in carcinoma of the lung are somewhat better than those obtained in carcinoma of the 
stomach. 


DP. EWARTS A. G R ATT A "NT , St. Eouis, Mo.—I am very glad that it has been possible 
now to begin to collect statistics over a five-year period on what can be done in the treatment 
of bronehiogenic carcinoma. 


I think that we ought not to be too much encouraged by statistics based on one- or 
two-year survival periods. We must remember that bronehiogenic carcinoma, so faT a 3 we 
know, does not differ materially from other types of carcinoma that we know about. In 
other words, this disease is included in the all-embracing field of cancer. 

Wo have some pretty well-established facts abont cancer in general, one of which is 
that any statistics based on periods of less than five years are likely to be misleading. That, 
of course, does not prevent us from talking hopefully and optimistically about our results 
over a one-year or two-year period, but I question very much whether conclusions arrived at 
on the basis of patients who have survived one year or two years are going to be very im¬ 
portant after a five-year period lias elapsed. 


Now you may wonder what I am getting at. Well, I was much interested in tie 
figures which Dr. Aufse3 presented, but do not we know in regard to cancer in general 
that the most likely period of recurrence, if you will, is in the first two years after the 
operation? What reason is there to think that bronehiogenic carcinoma is any different in 
that respect? Why is it necessary to emphasize the fact that a patient who survives a two- 
year period after an operation for bronehiogenic carcinoma is less likely to die of so-called 
recurrence of his disease than if he has just survived his operation and we were waiting for 
the first two-year period to go by? 

Again, the question about partial resection of the organ enters into tins pictnxe. It is 
quite possible that because of the sharp differentiation between portions of the lung) ns 
shown anatomically by different lobes, we may find that in cases classified as Ur. Anfses 
classified them, it is a reasonably safe procedure to perform an elective lobectomy rather 
than a pneumonectomy, particularly in consideration of the mortality of lobectomy versus 
pneumonectomy. 


After all, of course, what we are all striving for is to have as many patients alive 
as possible after five years. Therefore, operative mortality is something that must he taken 
into consideration, naturally. 

However, I would like to say again something that certainly should be known, I 
think, to everybody in this room, and that is that if we compare bronehiogenic carcinoma 
with an organ that has been worked over now for fifty years, namely, the breast, we hn\e n 
structure in the breast which has lobes in it, perhaps not so sharply distinguished from e: ‘ 1 
other as those in the lung. We know unequivocally that many women with cancer of e 
breast have recovered simply from a local excision of the cancer, a lobectomy, if >' ou " ’ 
of the cancerous portion of the breast. All you need to do is look up the old literature, 
and, for that matter, look up some of the more recent literature. 

We know, also, that many women have survived with the simple removal of the breast 
itself, by simple mammectomy, but we know still better that by far the best results t a 
have been obtained in thousands and thousands of cases now on record have been 
by the so-called radical operation, which means the removal of the axillary lymphatics, e 
fascia underlying the breast, and the pectoral muscles. 

X think anybody would be courageous to bring up now, at this time, a plea for a 
excision of the carcinoma, or even a simple mammectomy in the presence of carcinoma, 

Tho point was made that in cases in which there is regional gland involvement, P Il j^ 
monectomy should be done. I do not know any way to tell whether or not the r0 o> 0 ^ 
Ivmnh glands have been involved. Certainly one sometimes finds that the S Iantls 
larged and hard, but in many other instances one can tell only by a microscopic esa 
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of (ho lymph, glands that arc removed, and I don’t know of any way by which the surgeon, 
In the courso of tho operation, can tell merely by an inspection of thom) glands, or pnlpu- 
tion of them, whuthcr or not they aro Involved with cancer. 

There la no doubt, however, about the statement which Dr. AuLcs made that in the 
tumors which aro situated away from tho hilum, tho lymph glands arc less likely to bo 
involved than in'thoso cates in which tho tumor is aituutod in tho major bronchi, cloao to 
the hilum. 

I think it la very fortunate that thoro aro some who aro willing to try out lobectomy 
as a euro for bronchiogenic carcinoma in an experimental manner. X hopo thoy will continuo 
to do so. X hopo that in nnothor five yemh wo can compute those figures with tho figures 
which will bo obtained on tho basis of a total pneumonectomy for carcinoma. 

I do not want to bo misunderstood. I am nor Miying that a lobectomy should never bo 
done In a bronchlogonic coTeinomn, huving dune il myself. T ennnot help thinking, how- 
ever, by comparison with what we know about euncor in other j*arts of tho body, that, 
provided tho operative mortality for pneumonectomy does not bring tho total mortality to 
too high a figure, rnoro patients will have turvived the five-year period, not a two-year 
period or a onc-ycar poriod, after total pneumonectomy thnn after lobectomy, but hero again, 
my guess about this is no better than that of anybody else. 

I am delighted that wo have this array of papers this morning, presenting figures over 
a considerable poriod of time. 

On Friday afternoon I am going to pre*ent somo patients who lmvo kindly consented 
to como back after flvo years’ survival of pneumonectomy, who present different phases 
of this question, pathologically ns well as otherwito, and I should profer to enter Into other 
features of this dismission nt that tlmo. 

I may say here, bowevor, that of 5fi patients who had pneumonectomies prior to 1042, 
in other words, more tlmn five years ago, 13 aro alive and well. This is a five-year survival 
rato of 28 por cont. In 0 of tho 15 case* regional lymph glands woro invaded. Tho first 
patient to lmvo a successful pneumonectomy for canoor (squamous carcinoma) Is living and 
well in tho fifteenth ycur since his operation. Ho has consented to roturn hero for demon¬ 
stration next Friday. 

DR. JOHN IV. 8TIUEPER, Boston, Moss.—I would like to show briefly what our 
oxporienco at tho Boston City Hospital Thoracic Service has been with smears of bronchial 
aspirations In cases of suspected or proved bronchiogenic cancor. 

(Slide.) Of 147 patients from whom over 800 smears wero made, thoro wero 40 entes 
of bronchiogenic carcinoma. Tlilrty-four of theso carclnomns had a positivo smear for 
tumor cells, which is 85 per cent positive, or, staled otherwise, thoro was a 15 per cent 
error in diagnosis. 

(Slide.) In sixteen of tho cases tho only proof was by operation or post-mortem 
examination. The smear was positive, however, so that in 40 por cent of the cases, the 
imear was tho sole poeitivo diagnostic evidence othor tlmn tho clinical ovidoaca 

Thoro wero threo so-called folso positives. Ono proved to bo a bronchial adenoma. 

Another was a case showing localised effusion, with loft lowor lobo atelectasis, which, 
at operation, proved to be tuberculous by biopsy -of pleural granulation tissue. 

The third case was a woman who had chronic blood spitting, and smears from the 
bronchos were read first as positivo for tuuiar cells. Tho local findings woro not aach that 
operation was justified, nrul repeat smears later were negntivo. Subsequent brouchoscopic 
evldeneo was that of clearing. 

In tho over-all picture, there wero threo falso positives, or three mistakes out of 147 ' 
patients. The error is a llttlo over 2 per cent 

DR, ALFRED GOLDMAN, Los Angeles, Calif.—I wish to comment very briefly upon 
11X1 approach that I lmvo used for tho past ten mouths, which is somewhat different from the 
ubual Bienhoff approach for resection of the lung. 

During this period of tiino I resected fifteen tumors of tho lung, two of which wero 
adenoma, and thirteen of which wero dono through tlds incision., 
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(Slide.) This incision was evolved because I wanted to get away from having the 
patient with his good lung down in a position which compromises his respiration while one 
might be operating on him. This is the position that we use at the Birmingham Veterans’ 
Hospital and at Cedars of Lebanon, Los Angeles. 

The incision begins at the second costal cartilage, goes down to the fifth or sixth 
interspace, and follows that interspace to the mid- or posterior axillary line. 

(Slide.) After cutting the pectoral muscle, the cartilages underlying, one-lialf to three- 
quarters of an inch each, are resected. This shows the resected cartilages. Usually three 
cartilages are transected. 

(Slide.) Tins slide shows the outfolding of the ribs, wliich have been freed after going 
through the intercostal space and opening the pleura throughout the length of the intercostal 
space into the axilla and anteriorly resecting through the bed of the cartilages lateral to 
the internal mammary vessels. The outfolded third, fourth, and fifth ribs are shown here. 

One dissects with the chest open, the interspace nil the way down to within about 
one inch of the transverse process. 

Tliis is the artist's drawing depicting a wide exposure, which has always been so well 
advised by Dr. Harold Brunn, who has used this principle both in chest and in general surgery. 

(Slide.) This shores a view of the chest with the lung removed, the vessels ligated, 
and the bronchus closed. Through tliis incision I have also ligated the pulmonary vessels 
in the pericardium. 

(Slide.) Tliis shows the method of closure subperiosteally, using a double No. 1 chromic 
suture to approximate the ribs, and interrupted 0 chromic to approximate the pectoral mus¬ 
cle, not doing anything to the cartilages themselves. 

By having a patient on the back, one can do extensive mediastinal dissection, and a 
prolonged operation, with less danger of producing atelectasis or pneumonia in the con¬ 
tralateral lung, and in this position one may have the bronchus open after transection and 
■■suck it out, thereby further obviating aspiration of secretions into the contralateral luag. 


DR. JEROME R. HEAD, Chicago, HI.—Dr. Graham lius stated that the aim of surgery 
for bronchiogenie carcinoma should be to have as mnny patients as possible alive at the 
end of a five-year period. With this statement I disagree, because on the basis of it Dr. 
Graham has recommended that pneumonectomy be always preferred ‘to lobectomy for bron- 
ehiogenic carcinoma. 

In patients in the older age groups, pneumonectomy is a crippling operation. They 
live, but do not live happily, and very few of them can follow a gainful occupation. They 
are only half alive and only half functioning. Lobectomy is a much less crippling opera¬ 
tion, and following it most patients retain a good vital capacity and are able to function 
normally. For this reason I feel that in this group of older people, lobectomy, when it can 
be done, is preferable to pneumonectomy. I am sure that if the choice were up to mo I 
would rather accept a 10 por cent chance of survival by lobectomy than a fifteen per cent 
chance from pneumonectomy. 

We must balance the good which we do for people who have cancer against the lmrm 
which we may do to those whom we explore for cancer but who plove eventually to l' a ' e 
some other disease. It is absolutely essential that pneumonectomy bo avoided for non 
cancerous conditions wliich might recover from some simpler treatment. Even at operation 
itself it is extremely difficult to say for certain whether or not cancer is present. It 
often necessary to remove the diseased lobe before the diagnosis can be certainly establish • 
As I have said before, removal of a lobe is not dangerous or disabling, while remova o 


a whole lung is infinitely more serious. 

The papers presented this morning on examination of the cells in the sputum gu' ^ 
promise that this method null be a great aid in preoperative diagnosis of cancer of <- 
lun". It is, however, improbable that it will be so accurate that one can rely entire) m 
sputum findings. When other symptoms and signs suggest cancer, exploration u s 
probably be indicated and one will probably not be justified in removing a lung sunpy 
cause cancer cells arc supposed to have .been found in the sputum. 
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la thit* diagnosis, a 2 jx*r cent error in either direction in si ill un appreciable terror, and 
to rcmovo oven two lungs out of 100 which <lo not need removal in a risk which cannot 
and should not bo taken. 

DR. EDWARD E. AVERY, lllne*, 111.—l would like to mid to the statistical scries, 
fifty cose* of bronchlogemc carcinoma which were resected by Dr. Jerome Head nt Hines 
Hospital. 

Under Group 1 , the hilus tumors, twenty nine were rejected and 1 patients arc living 
for a period of more than two years. 

Of Group 2, periphorul cireunu'erilfeil tumors, fomtoen were rotunded; five patients are 
now living. 

Of Group .1, peripheral imnsive tumors, seven we»e resected unci ail ]mtionts aro death 

Wo lmve been unable to correlate tho cell typo with tho survival of our nine living 
patients. Five of them lmd undifTerentlnted carcinoma. 

ltroder* said llmt tumor# are like a chain, only ns strong ns the weakest link, uud the 
malignancy depends ujam tho most anaplnt-tic cell in a tumor; therefore, tho comploto 
tumor must bo sectioued, nnd all sections reviewed. 

Wo lmd an interesting patient which we were ulmut to dialk up ns a fivo-yenr cure, 
lie returned in four years and eight mouths with recurrence In the opposite lung, uud Ids 
original tumor was on undifferentiated enreiuoma. 

DJL JOIIX II. GID110X, JR., Philadelphia, Pn.—I must say that I disagree with my 
good friend, .Tern* Head, and firmly ngTCO with Dr. Graham. I think thnt tho proper opera¬ 
tion in denliug with carcinoma of tlie lung is pneumonectomy. The one ease in which no 
dhl a partial resection was erroneously diagnosed a tuberculoma at tho time of operation. 

1 ogroo with Dr. Head thnt it i» extremely important, if possible, to make the diagnosis 
iHLforo exploration. In our thirty-one exploit raws there were four in which we could not 
mako a positive diagnosis before operation. It also may l>v quite difficult at tho time of 

operation to bo sure tlmt you are dealing with u malignant tumor. 

So fnr wo Imre not yot removed a lung because of n mistaken diagnosis of enneor. I 
qulto agree with Dr. Head that you must be very Miro of tho diagnosis before performing 
a pnoumonectomy. 

DI{. PETER A. 1IERUUT, Philadelphia, Pn.—As fnr as tho positive diagnose* aro 
concerned, our results in the last sixty eases are even better than tho ones wo showed in tho 
over-ull picture, for in these we missed only threo case* which brings the total to about 
1*3 per cent. 

We bavo not nmdo any false positive diagnoses in tho lust year. Prior to tlmt tinio 
I called two cases carcinoma thnt wero not. In rochecking each of thc»o I would now call 
thorn negative. 

Tlioro were two othor eases tlmt aroused a suspicion of carcinoma, bnt I did. not give 

an outright diagnosis. Tn both of theso thcro was a single clump of epithelial colls of 

tho stratifled-squamous typo, which represented a metaplasia. Each patient lmd an abscess 
of the lung. Wo hnvo seen several such cose* since then, and have not misinterpreted any 
of them. 

Tuberculosis offers us no difficulty. As a rulo we can pick out such cases from exam¬ 
ining tlie smears for they have a distinct eytologicnl pattern. 

I wonlil llko to mill just one more thing. Tn many of the cases, tlioro are no secretions 
in the bronchi whatsoever at the time of bronchoscoplc examination. In these, Dr, Clorf 
baa recontly been instilling 2 to 3 e.e. of saline into the segment suspected of containing tho 
tencer, roasplmting the washings and sending them to tho laboratory. Since Christiana, we 
Irnvo urnde a positivo diagnosis in nino such rases wliero tlieic wero no secretions nvnflablo 
otlicrwise. 

DR.* HAROLD NEUIIOF, New York, N. Y.—Concoming the question of late results in 
rancor of tho lung, reference hoa 1>ecn made to tho foot tlmt there is little to be judged by n 
two-year result. I am sure that Dr. Adams will speak for himself, but it is of interest to 
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note that we each separately arrived at the same conclusion, and certainly not in any 
planned way. Indeed, we were surprised to learn that there was a sharp line of cleavage 
represented by the two-year period after operation. 

It is therefore only fair to emphasize the fact that after two years, there is this 
almost complete drop—all the way up to whatever number of years we have reported—in 
the incidence of recurrence or metastasis in these cases, and it would seem that rather than 
to assume this to be accidental to consider it due to the peculiar feature of cancer of the 
lung, under a certain set of circumstances. 

I refer specifically, of course, to the question of regional node involvement. Mention 
lias been made of the analogy which one could draw, let us say, between cancer of the 
breast and that of the lung, but we believe the evidence is that this analogy cannot be 
made, by virtue of the fact that, according to our observations, a substantial proportion of 
patients with cancer of the lung, chiefly those with circumscribed cancer of the lung, are 
patients in whom there is no regional node involvement at the time of operation. 

The recognition of the absence of regional node involvement is not, of course, on the 
basis of inspection as has been suggested but in those cases in which there are nodes as. 
in instances in which there is a circumscribed cancer of the lung for which lobectomy is 
proposed, frozen sections are taken of any nodes that appear to be involved and a lobectomy 
is not proceeded with unless there is no known regional node involvement. 

There is one aspect of our observations to which I should like to call attention, and 
that is what appears to be sometlung in the nature of an emergency situation when the 
diagnosis of cancer of the lung is made, and more particularly, perhaps, in cases of known 
slowly growing tumors. For example. Some little time ago Dr. Aufses operated upon a man 
who had a known slowly growing tumor without any additional symptoms. The operation 
'was deferred for some time merely because it was a tumor which grew so slowly. This was 
a circumscribed tumor, and at the time of the exploratory operation, there was extensive 
involvement by carcinoma of the pleura, undoubtedly a very recent development. 

More recently there was a patient, a man of 60 years, who had a slowly growing tumor 
in the left upper lobe,' on whom operation was deferred because he wished to attend the 
wedding of his daughter, about three weeks from the time the diagnosis was made and the 
decision made to operate. Two and one-half weeks after the time he was seen, he com¬ 
plained of some pain in the right chest opposite to the side of the tumor. A film then re¬ 
vealed a destruction of one rib due to a blood-borne metastasis. 


It has been a surprise to us to have found that a substantial proportion of patients 
with or without regional node involvement may develop blood-borne metastasis virtually any 
time during the period of tumor growth. Thus it would seem to us to make imperative an 
emergency approach to the attack by surgery when the diagnosis has been established and 


the case deemed favorable for surgical eradication. 



THE EFFECT OF PULMONARY INFLATION AND DEFLATION 
UPON THE CIRCULATION 


Samuel Alcott Thompson, M.D., F.A.C.S. 

New Yoke, N. Y. 

I N previous articles we liuve (lcscrilicd several methods of observing the elTeet 
of artificial respiration upon the circulation in animals. 1 ' 3 This present 
paper is a critical review of all of the methods which wo have used and a sum¬ 
mary of the observations related to this work. 

The basic method of determining the eirculatoty effects of artificial respira¬ 
tion is tho intravuseular injection of tracer substances and tho observation of 
tho movement of these tracer substances during the application of some form 
of artificial respiration. 

The traeor substances which we havo used are radioactivo sodium, fluores¬ 
cein, and oxygen. Another method which we have not yet reported is the use 
of Diodrnst. This is injected intravaseulnrly and its movement is observed 
under tho fluoroseopio screen or by means of x-ray films. 

Any cardiac activity is a varinble factor in circulatory movement. Any 
activo respiration is also a variable factor in circulatory movement. In ordor 
to remove as many variables as possible and to disassociate cardiac activity and 
respiratory movement, the experiments were carried out on animals a short 
time after they bad succumbed to asphyxia. 

The efficiency of artificial respiration varies with each method Tho manual 
methods aro inefficient, inconstant, and uncontrollable. For these reasons they 
were not used. The mechanical methods aro more efficient, and can be con¬ 
trolled by a constant pressure. For these reasons, tho mechanical methods were 
used All methods of artificial respiration produco pulmonary ventilation in 
ono of three ways: (1) inflation of the lungs; (2) deflation of the lungs; or 
(3) a combination of inflation and deflation of tho lungs. Wo used all three 
methods to dotenuine their relative offccts upon the circulation. 

TECHNICAL PROCEDURE 

All of tho experiments were performed on doga. The animal was anesthetized by Intra- 
peritoneal nembutal. Ono femoral artery and ono femoral voin woro exposed, cannulizcd, and 
tho conn ulna loft in situ. An endotracheal tube with occlusion cuff was then inserted and the 
cuff inflated to roako a leak-proof and closed connection with tho lungs. Arterial and venous 
blood specimens were now collected for control comparisons. To provont the intravascular 
clotting of blood which occurs soon after death, 2 to 5 c.c. of heparin were injected into the 
femoral vein. About five to ten minutes after the heparin was Injected, the endotracheal 
tube was completely clamped off and tho animal was allowed to succumb by obstructive 
asphyxia. 

Clinical death took place in about eight to ten minutes but to insure complete (biological) 
death, with no subsequent cardiac activity, the endotracheal tube remained clamped off for 

, From the Thoracic Surtfcal Service of the New York Medical College. Flower and Fifth 
Avenue Hospitals. 

Read at Twenty-eeventh Annual Meellntr of The American Association for Thoracin Kur 
Cory, St. Louis, Ua, May 38, 29. and 30, 1947. -inoracic bur- 
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an additional twenty to thirty minutes. At the end of this time the endotracheal tulie mt 
unclamped and connected to a resuscitator! The resuscitators used a positive pressure of 
plus 14 mm. of mercury and a negative pressure of minus 9 mm. of mercury. The rate was set 
at 16 to 20 respirations per minute. The tracer substance was now injected into the femora! 
vein or artery and the resuscitative procedure was started and continued for forty-five to 
sixty minutes. To counteract any possible effect of gravity in causing diffusion of the tracer 
substance toward the heart, the animal was placed on an incline plane with the head elevated 
about 20 degrees. 

In the experiments where radioactive isotopes were used as a tracer, about 2 e.c. of 
normal saline containing 50 to 60 mieroeuries of radioactive sodium, were injected into a 
femoral vein or artery. The Geiger-Mueller counter was placed against the neck of the dog 
in proximity to the carotid artery, and the Tesuseitative procedure started. During this period 
tho counts per minute registered by the counter were recorded and plotted on a curve. At the 
end of the resuscitative time, samples of blood were taken from the femoral vein and artery 
of the opposite leg, from the right and left side of the heart, the jugular vein and carotid 
artery. Measurements were made of the radioactive sodium contained per cubic centimeter of 
each of these samples. 

Experiments were carried out with the following combination of conditions (Pig. 1): 

Intravenous sodium with alternating inflation and deflation of tho lungs; inflation 
alone; or deflation alone. 

Intra-arterial sodium with alternating inflation and deflation of the lungs. 

Controls, with intravenous sodium with heparin and no resuscitative procedure; or 
alternating inflation and deflation with no heparin. 

In the experiments where oxygen was used as the tracer substance, the animal was pre¬ 
pared in the same manner as described above. A sample of blood was removed from the 
femoral vein and artery for analysis of its oxygen content or tension. Again the heparin 
was injected and the animal was allowed to succumb to obstructive asphyxia. About twenty 
to thirty minutes after death another sample of blood was removed from the femoral artery 
and vein and analyzed for its oxygen tension. The endotracheal tube was connected to a 
resuscitator and one of the resuscitative procedures was begun and continued for forty-five to 
sixty minutes. At approximately five-minute intervals additional specimens of blood Fere 
taken from the femoral vein and artery for analysis of the oxygen tension. 

Experiments were done with inflation of the lungs; with deflation and with a combine 
tion of inflation alternating with deflation of the lungs (Figs. 2 to 7). 

In those experiments where fluorescein was used as the tracer substance, the animal un¬ 
prepared in the same manner as described above. About twenty to thirty minutes after 
the dog had succumbed to obstructive asphyxia, 2 c.c. of a fluorescein solution were inject 
into the femoral vein or artery and the resuscitative procedure was started. 

Inflation of the lungs or deflation or a combination of the two was continued for oh 
thirty to sixty minutes, during which time frequent observations were made with an u 
violet light for evidence of fluorescein in the skin or mucous membranes of the oral cav . 
(Figs. 8 to 10). Fluorescein is a substance having the property of emitting a very. > n el 
golden-green light when it is illuminated by ultraviolet light and is thus grossly visi e. 

RESULTS 

When the radioactive sodium and Geiger-Mueller counter were used oiu 
observations showed that the inflation and deflation of the lungs producer a 
forward movement of the blood, which was circulated in the normal duee 10 > 
a tracer substance injected into a peripheral vein was carried to the right tea > 
then to the lungs, to the left heart, to the arteries, and back to the veins agai - 
This circulatory movement, without benefit of cardiac activity, appeal's o 
due to the filling and emptying of the pulmonary capillaries produce .1 
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artificial respiration. Whilo this circulatory movement is in no way comparable 
in volume or rote to the movement produced by cardiac activity, it is, neverthe¬ 
less, n definite circulatory movement and in the normal direction (Fig. 1). 



4 8 12 16 20 24 28 32 66 40 44 48 62 66 60 

MIHUTiS AFTER DIJECTIOtl 

Mg. l,—No. Heparin; Intravenous sodium; doublo action resuscltator. 

No. t, Heparin; Intravenous sodium; doublo action resuscltator. 

No. | t Heparin ; Intra-arterial sodium; double action resuscltator. 

No. 4, No heparin; intravenous sodium; double action resubcl tutor. 

No. E, Heparin; intravenous sodium; suction only. 

Na 0 , Heparin ^ Intravenous sodium; yreasure only. 

No. 7, Control; heparin; intravenous sodium; no rcauscitutor. 

(Courtesy of Burg., (fynsc. J, 

The intra-arterial injection of tlio traeor required a longer time to reach 
the counter by reason of the fact that it had to pass from artery to capillary 
before getting to the veins. 
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A control in which no resuscitation was used showed that the tracer sub¬ 
stance remained where it was injected without diffusion. A control in which 
no heparin was used showed the intravascular clotting of the blood which pre¬ 
vented any circulatory movement (Fig. 1, no. 7). 
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TIME INI MINUTES 


Al-Bl- Cl- 
A2- B2-C2- 


-Arterial OxyGEN Tension 

. Venous OxyGEN Tension 

t-* Arterial Blood Became Bright Red 
^ = Resuscitation Started (Positive, and Negative Pressures^ 


Fig, 2.—Alternating positive and negative pressure with 100 per cent oxygen used o ,j ne 
docs. The vertical line shows the blood oxygen tension In volume per cent. The horizon 
Indicates the time In minutes, (Courtesy of Surg., Gyneo. & Obst.) 

Experiment 1: The arterial blood oxygen tension has regained Its preasphyxia lev 
approximately ten minutes after resuscitation was started. 

Experiment 2: The arterial blood oxygen tension rose rapidly and has passed s P 
asphyxia level In eleven minutes after resuscitation was started. . . 

Experiment 3: There was a rapid rise of the arterial blood oxygen tension In >e 
ten minutes of resuscitation followed by a more gradual rise. The blood became ongni 
fifteen minutes. 


When the fluorescein was used our observations also showed that the in¬ 
flation and deflation of the lungs produced a forward movement of the bloo 
which'was circulated in a normal direction and the tracer substance was cariie 
from vein to right heart, to lungs, to left heart, to artery, and back to vein 
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again. Autopsies showed tho trncor substnnecs in tko coronary vessels as well 
as in the vessels of the brain. The shortest time required for this tracer to be 
moved from tho femorul vein to the oral mucous membrane was ten minutes 
(Pig. 8). 



-Arterial Oxygen Tension 

.Venous Oxygen Tension 

Arterial Blood Became Bright Red 
f = Resuscitation Started (Positive and Negative Pressures) 


.. Me. 3.—This is a compos I to of tho throe uxperimenta la Fly. 2. Tho oxygon tension of 
uiq arterial blood rosu rapidly In the llrkt nftocn minute* of resuscitation, contlnuod to rise, 
anti at forty-five minutes was much hlfihcc than the preaspliyxla level, The arterial blood bc- 
came bright red In fourteen minutes. This charted curvo Is superior to those shown in Figs. 6 
*”“.7 • an< ^ Indicates" a more einclcnt movement (volume and speed) of the blood column by this 
method. (Courtesy of Surp., ffynec. <* Ob*L) t * 

A control in which no resuscitation was used showed ouiy slight local dif¬ 
fusion of tho trncor. Another coutrol in which uo heparin was used showed 
mtravosculur clotting of tho blood with only slight locul movement of tho tracer 
substance. 

When oxygen was used as tho trueor substance, the only placo where the 
bloqd cells could become oxygenated was in the pulmonary capillaries. The 
only way tkeso oxygenated cells can ho transported from tho pulmonary 
capillaries to other parts of the body is through tho vascular system. 







328 


THE JOURNAL, OP THORACIC SURGERY 


The method of frequent analysis of the blood taken from the femoral ves¬ 
sels while the lungs were inflated and deflated witli oxygen made it possible 
to detect any change in the oxygen tension of the peripheral blood. After 
asphyxia, the appearance and gradual increase of oxygenated cells in the femoral 



Al- Bl-Cl - Arterial Oxygen Tension 

Az-Be-C2. . Venous Oxygen Tension 

lr * Arterial Blood Became Bright Red 
^ = Resuscitation Started (Negative Pressure) 


Fig. 4.—Negative pressures and release with 60 per cent oxygen was used In three experi¬ 
ments. (Courtesy of Sicry., Oynec. J Obat.) 

Experiment l: The arterial blood oxygen tension was lowered at first and later began o 
climb. It gained Its prtjasphyxla level In approximately fifty' minutes after resuscitation 

Experiment 2: The arterial blood oxygen tension reached its preasphyxia level in ap 
proximately twenty minutes after resuscitation was started. 

Experiment 3: The arterial blood oxygen tension did not reach its preasphyxia le\e 
forty-five minutes, although the blood became bright red In nine minutes. 


artery constitutes definite proof of the forward movement of the blood f 10111 
the pulmonary capillaries to the femoral artery. As the heart is no longer beat- 
jjio- or active this forward movement of the blood is produced by the me¬ 
chanical inflation and deflation of the lungs acting upon the puimonan 
capillaries. 
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In tlicso experiments, the shortest timo in whieli the oxygen tension of thu 
blood in tlie femoral artery had regained its normal prensphyxia level (Pig. 2) 
was ten minutes after nrtifleial respiration was began. 

A control in which no resnseitnlor wins used showed no elmngo in tho femoral 
artery blood oxygen tension. Another control in which no hopnrin was used 
showed intravascular clotting and no change in the blood oxygen tension. 


Vol. 0 ^ Fig. 5.-Composite of the Three 
°2. Experiments Shown in Fig. 4. 



“ Resuscitation Started - (Negative Pressure) 


Pig. 5 ,—ThU 1 b a compoiUo of tho three experiment* In fit?. 4. Tho arterial blood oxy- 
Ken tension foil at flr*t anil later rose, but required approximately forty-flvo minute* to re¬ 
gain the preaaphyxla level. Thl* curve l* Inferior to tliat of FIr. 3. where po*!tlve and nepitlvo 
presjure* were used. (Courtesy of 8urg., Qynec. A Obnt ) 


DISCUSSION 

The mechanical inflation and deflation of the lungs produce a dilatation 
and compression of the pulmonary capillaries which results in a movement of 
tlie blood contained in these capillaries. This movement is in a normal direction 
and completes the circuit from lungs to left heart to arteries to veins to right 
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heart and back to the lungs again. This movement can be determined by the 
use of the three tracer substances just described. It is not likely that the vol¬ 
ume or rate of such a blood movement alone could be life sustaining. How¬ 
ever, in resuscitation such a blood movement might be of value in stimulating 
cardiac activity and protecting the brain cells from prolonged anoxia. 



Al-Bl- Cl = -Arterial Oxygen Tension 

AZ-BZ-CZ^- . Venous Oxygen Tension 

t =: Arterial Blood Became Bright Red 
t = Resuscitation Started (Positive Pressure) 


Fig. 6 .—Positive pressures and release with 100 per cent oxygen was used In three ex 
periments. (Courtesy of Surg ., Qynec. 16 Obst.) sixty- 

Experiment X: The arterial oxygen tension did not reach Its preasphyxia level 
five minutes. The blood became bright red In thirty-five minutes. about 

Experiment 2; The arterial blood oxygen tension reached the preaspbyxla level 
twenty minutes. .. pre . 

Experiment S: The arterial blood oxygen tension rose rapidly and reacn 
asphyxia level in approximately fifteen minutes. 


The type of resuscitation appears to make a considerable difference in . ® 
speed and volume of the blood movement. A study of the charts and ta ^ 
shows that in all three groups of experiments the use of positive pressure 
flation alternating with (suction) negative pressure deflation of the un 
was on the average about 100 per cent more efficient in the rate and vo ume 
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blood movement than was either positive pressure nlouo or negativo pressure 
alono (Figs. 1, 3, 5, and. 7 to 10). This fact is interesting since many authors 
on resuscitation feel that the addition of negativo pressure (suction) deflation 
in resuscitation is either unnecessary, or harmful, or has no value. 


Vol.% Fig. 7, Composite of the Three 

Experiments Shown in Fig.6. 



-time in Minutes- 

Arterial Oxygen Tension 
Venous Oxygen Tension 


r= Arterial Blood Became Bright Red 

Resuscitation Started (Positive Pressure) 


Flff. 7.—ThU la a compoalto of Uio three oxpertmenta In Flu- 6. Tbo arterial blood oxysen 
tonalon roue rapidly In tbo flrat twenty nUnutes of reauacltatlon. Tula curve la Inferior to that 
Obitj 3 ' w ^ crn PbaltlVQ and nocaUvo preaxurea tvoro uaed. (Courtesy of Sure., Ounce. A 


A furthor study of tho records shows that thcro is little difference between 
inflation nlono or deflation alone, although a slightly hotter resnlt is obtained 
with deflation. Noithor of theso when usod alone can comparo in efficiency with 
the combination of the two. 

Tho controls in .which no heparin was used showed the value of this drug 
w resuscitation. As long as tho blood remains in a fluid state it eon be circu¬ 
lated over the entire body by the artificial respiration. Once intravascular 







NUMBER OR EXPERIMENTS PERFORMED 


332 


THE JOURNAL OF THORACIC SURGERY 


clotting has occurred there is no longer the possibility of blood emulation mid 
this is the end of all successful resuscitation. Heparin.prevents intravascular 
clotting and keeps the blood in a fluid state and thus prolongs the possible 
resuscitation time. 

In mechanical inflation and deflation of the lungs we have a method of pro¬ 
ducing pulmonary ventilation as well as circulation of the blood. 

Experiments with Positiveand 
Negative Pressure Resuscitation. 


x 

K 



Appearance of the Dye in the Order of its Frequency 


Fig. 8.—Appearance of the dye at various sites when alternating positive and negative P re3 

sures are used. 

CONCLUSIONS 

AVe have described a method of observing the effect of mechanical artificial 
respiration upon the circulation when the heart is no longer beating. This is 
done by the introduction of tracer substances into the vascular system of annua s 
immediately after death and by observing the movement of these tracers w 11 c 
the lungs are inflated and deflated. The tracers used were radioactive sodium., 
fluorescein, and oxygen. . 

By this method we have shown that, the mechanical inflation and deflation 
of the lungs produces an actual movement of the blood column and that m 
blood can he circulated in this way over the entire body without the bene ■ 0 
any heart action whatever. The clinical application of this knowledge 111 
resuscitation is of twofold importance: (1) the oxygenated blood in the P" 
monary capillaries would be transported to the brain and heart; (2) intravascu 
lar medications would also be transported to the vital centers of the body. 
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Negative Pressure Resuscitation 



Appearance, of the Dye in the 
Order of its Frequency 

5 -—Appearance of thu (lye nt various rite* when negative pr\unuro only (suction) was used. 


Positive Pressure Resuscitation 





Appearance of the Dye in the 
Order of its Frequency 


fc'ls;. 10.—Appeai-juico of tho ilyo at various sites when positive pro**uro onty wus used. 


GALL BLADDER 
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The value of heparin in resuscitation has been demonstrated. 

Those mechanical resuscitators employing alternating positive and negative 
pressures were by far more efficient in circulating the blood than were those ma¬ 
chines employing only positive or negative pressures alone. 
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DISCUSSION 

DE. JOHN H. GIBBON, JE., Philadelphia, Pa.—I think Dr. Thompson is to he con¬ 
gratulated on his lucid presentation of these accurately controlled experimental observations. 

Ha has conclusively demonstrated, by at least three methods, that a circulation of blood 
occurs when the lungs are subjected to alternate positive and negative air' pressures. This 
work confirms the remarks which Dr. Beck made in commenting on Dr. Hants' paper, that 
a mechanical respiratory apparatus is of considerable value in resuscitating patients. 

I should like to ask Dr. Thompson two questions. Is there a slight suction effect through 
the left side of the heart when samples of arterial blood are removed to determine their 
oxygen content? I rather imagine that this does not occur, because there was a considerable 
difference between the effects of positive and negative pressure together, and positive pressuro 
alone, or negative pressure alone. 

The second question. I would like to ask him is whether he made any observations on 
pulmonary edema in these lungs. The method of killing the animal by complete obstruction 
of the trachea, with the marked respiratory efforts which are made, should tend to produce 
a considerable amount of pulmonary edema. 

DE. SAMUEL A. THOMPSON, New York, N. Y.— Thank you very much, Dr. Gibbon. 

Tho movement of blood, or, rather, the movement of any section of the blood column, 
produces a corresponding movement of the blood above and below that section which is moved, 
and this same question had occurred to us; namely, that if, by frequent removal of blood 
samples from the femoral artery, we would not perhaps suck our tracer substance in tlus m 
stance, oxygen—down from the lungs toward the femoral artery. "We did a control on one 
animal in. which no inflation or deflation was used, and the blood oxygen level stayed t o 
same; there was no change. 

As to the presence of pulmonary edema, the pathology of asphyxia is the samo as passive 
congestion. It occurs not only in the lungs, but in all the organs of the body, and ire ma e 
no particular observation as to the development of pulumonary edema. 



THE REGENERATION OE DEFECTS OF 'HIE TRACHEA AND 
BRONCHI.' AN EXPERIMENTAL STUDY 

Rollin' A. Daniel, Jn., M.D. 

Nasiivillf., Tenn. 

I N 1940, Taffel published his findings on the repair or I radical and bronchial 
defects in dogs with free grafts of fascia. These defects wero created by the 
excision of full-thickness windows from the cervical trachea. Patches of fascia 
were securely sutured in place to cover the openings. The open ends of bronchi 
following lobectomy and pneumonectomy were covored with grafts of fascia in 
the same manner. lie found that tho healing process followed the same pnttom 
in all animals. Tho fusciu was replaced by dense, collagenous connective tissuo. 
The bronchial mucosa usually hud completely covered tho defect in two weeks. 
The epithelial cells wero low cuboidal or buttoned at first but later appeared 
normal. Mucous glands api>earcd in the snbmucosa after the third weok. 
New cartilage cells were seen at the cut ends of tho tracheal and cartilage rings 
but this now cartilage appeared to take little purt in filling tho original defect. 
Tho animals wore sacrificed at intorvals of from ono to twelve weeks. 

Our interest in this problem was aroused by the observation of a patient, 
a physician 42 yenrs of ago, who died of carcinoma of tho trachea two years after 
tho diagnosis was made. Ho had been treated at intervals with interstitial radi¬ 
ation in tho form of radon seeds implanted through the bronchoscope, and with 
deep roentgen therapy, llo came under our cure four weeks before ho died. Tho 
lesion was located about 4 cm. nbovo tho enrinn. His dentil was due to tracheal 
obstruction. 

Tho experimental study reported boro was undertaken to determino the 
feasibility of tho uso of rigid tubes to bridge defects in tho trachea and prhnary 
bronchi. This study is still in progress. 

METHODS 

Forty-two mongrel dogs woro used in tliln study. Tlio weight of tlio animals varied be- 
Iween 8 and 20 kg. Largo doga wero used in most of tho exporimcnfH. Tho ngea of tho 
animals aro not knowu. 

All operations wero carried out under aseptic conditions, using sodium-pentobarbital 
anesthesia administered intravenously. Intermittent insufflation of air was delivered through 
an intratracheal catheter. 

Three typos of exporimonts wore carried oat: 

OBOUI* L—A part of Taffel *s work was repeated. Thirteen doga wore used. The 
anterior wall of the trachea was exposed through a longitudinal incision in the neck. ‘Windows, 
about 8 mm. square, wore created through tho full-thickness of the wall of the trachea.. Tho 
methods of closure of these defects are outlined below. The wound of tho soft tissues of tho 
neck was closed in layers with fine interrupted silk sutures. Twelve animals survived. 

Prom tho Department oC Surgery, Vanderbilt University School of Medicine. Nashville. 
» 0l ,__ Read at the Twenty-so von tb Annual MoeUnc of Tbe American Association for Thoracic 
Surgery, St. Louis, Mo. May 38, 29, and 30, 1947. 
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(a) Iu threo dogs the defects were covered with free grafts of fascia, using iutcrrupted 
fino silk sutures as was described by Taffel. The dogs were sacrificed two, four, and eight 
weeks postoperatively. 

(b) In seven dogs the defects were covered with a layer of “fibrin film” sutured in 
place with overlying sutures of silk. 

There was one death in this group, due to obstruction of the trachea by the film which 
slipped into the lumen of the trachea on the third postoperative day. The remaining animals 
were sacrificed at intervals from three day's to twelve weeks after operation. 



Fig. !•—Showing method of fixation of tube used to bridge defects in trachea. 


(c) In threo dogs the trhclieal windows were covered by simply suturing the 0 '*' r 
cervical connective tissue tightly over the trachea. These animnls all survived, an 
sacrificed two, four, and six weeks after operation. 

Group II.—Twenty-one annuals were operated upon. The right thorax "as 
through, the right tliird intercostal space. The mediastinal pleura was incised over the ^ ^ 
and the trachea was freed from the loose connective tissue which normally surroun 
Usino' a sharp scissors or knife, a segment of the trachea was excised. A metal or 8 
was then quickly inserted into the proximal or distnl cut end of the trachea am "a 
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placo with au encircling ligature of heavy braided silk. Tho remaining cut end of the trachea 
km drawn over the otljer end of tho tube and wiw anchored with an encircling ligature. Tho 
averago thno required to accomplish the insertion and fixation of the tul* 1 was threo minutes 
and tho maximum time \\u* fiw minute*. (Jrint care wns taken to cut ncro*s the trachea 
lietween tho cartilage ring*. There wan considerable retraction of the rut ends of tho trachea 
nnd tension on tho braided silk ligatures when they were tied nrouml the tube (Fig. 1). When 
the tube was fixed in place, the mediastinal imnncvtive tissue and pleura were brought together 
with interrupted wilk sutures mid the wound of the client wall wn* rlof-ed in layer*. 



n Flc. -•—DlnRrnm showing structures excised from Dons 102 und X-H. Tho method of 
nuiUpn of the glnas tube Into tho end* of the trachea anti left main bronchus are also Illus¬ 
trated. 

Tho tubes were made of glut*, stulnless steel, or vitallium.* Tho success or failure of the 
^fperiment appeared to have no relation to the kind of materiul used in the tube. Tho insido 
diameter of tho tubes varied fro in S to 10 u.ni nnd each tulie hud a tiange about 1.5 nun. 
high near or at each end wlilch prevented tho tubo frum slipping out of tho cads of tho 
trachea when tho encircling ligatures were tied In place (Fig. 4). 

Blx animals died within five days after tho operation. Two died within six hours and 
autopsy roveuled death to have been caused by the proaenco of blood lu tho trachea and 
bronchi, la three animals death was duo to tho cutting through of tho ligatures and leokogo 
°f air from one end of the tube- One of thcao animals died on the second and two others on 
tho third po*toperativo days. The sixth dog died five days ufter operation of massive plouml 
effusion. Tlie tube wns held firmly In placo and there was no infection. 

Tho remaining fifteen animals were sacrificed at intervals of from two weeks to six 
month* (Table I). The tmdieu inis removed nnd microi-copic sections were made after 
Nation of the specimen in a 10 i>or cent solution of formalin. 

(1ROUP III.—Eight unimals wore uperutod upon lu this group. The right thorax was 
opened through the fifth intercostal space. Tire entire right lung, tho lower end of the 
trachea (four cartilage rings) and the upper end of tho left main bronchus (one cartilage 
ruig) were excised “enbloc.” X curved tubo with linages nt each end was tied Into the end 
of the trachea and tho end of the left main bronchus (Fig. 2). 

Tho mediostinul pleura wua closed over tho tube with interrupted silk sutures and the 
'round of tho chest wall was closed in luyors with interrupted sutures of silk. 

Only two dogs survived this operation. One of these animals was sacrificed six month* 
a fter operation and tho other fourteen months after operation. In the first six experiments 

•>*. vitallium tube* used In tills study were furnished by the Austenal Laboratories, Inc,. 

E, 31th St, Now York, N. Y. 


338 


THE JOURNAL OF THORACIC SURGERY 


vitallium tabes which were bent to an angle of about 120 degrees were used. The lumen of the 
tube was smaller at the lower (bronchial) than at the upper (tracheal) end. The flanges 
were constructed about 3 mm. from the ends of the tubes. 

The causes of death in these sis animals were as follows: Three animals died from 
leakage of air into the pleural cavity and collapse of the lung. The ligature at the lower 
end of the tube had cut through the bronchus and the tube and bronchus had come apart. 
Death occurred two, live, and sis days after operation. Two animals died within sir hoars 
after completion of the operation and their deaths were caused by impingement of the side of 
the lower end of the tube upon the upper lobe bronchus, causing occlusion of the lumen of the 
bronchus. The sixth animal died about six hours after operation from hemorrhage from the 
cut end of the azygos vein, which had been divided at operation between ligatures to allow 
adequate exposure of the trachea and the hilum of the right lung. 



Pig. 3. Fig. 4. 

Pig. 3.—Photograph of the type of curved tube used In experiments No. 102 and X-14. 

Fig. 4.—Dog 2-B sacrificed three weeks after operation. A, Silk markers. B, Braided s 
ligature. 

In the last two experiments tubes were used which were made from Pyrex glass test 
tubes having inside diameters of 9.5 mm. These tubes were curved to an angle of 
degrees and the flanges were placed at the ends of the tubes (Pig. 3). These animals were 
sacrificed six months and fourteen months after operation. 

DISCUSSION OP FINDINGS 

Group I. —(a) The three animals in this group in which fascia grafts " en 
used were sacrificed two, four and eight weeks after operation. There had been 
no apparent leakage of air from the trachea and no respiratory difficulty "as 
noted. The wounds were all well healed. The trachea appeared to be verj 
slightly narrowed in the animal which lived for eight weeks. The findings "'ere 
otherwise exactly as have been described by Taffel, both on gross and microscopic 

examination. _ ^ ^ 

(b) The findings in these experiments were somewhat difierent. 1 e 
nnimals which survived were sacrificed at three days, one week, three " ee ’ 
four weeks, and twelve weeks. At three days the fibrin film was ° 

be fixed tightly in place. The overlying connective tissues were rather in1 • 
attached to it.. Microscopic sections showed invasion and beginning 
placement of the film by granulation tissue, growing from the cut edges o 





0.—Hlffii power mlcrophotograph (about X200) abowine the border of anmllor cartlloffe 
rlnff ahown in Figr. 5. 

infiltrated with leucocytes. Thoro was somo regeneration of epithelium at the 
“Igcs. At threo weeks opithclium had completely covered tho inner surface of 
the tracliea. In tho center it was composed of a single layer of flat colls. Tho 
granulation tissue and fibrous connectivo tissue uudcrlj'ing tho epithelium were 
still infiltrated with many leucocytes. The trachea was narrowed slightly and - 
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Table I, Defects of the Trachea 


BOG 

NO. 

NO. 

CARTILAGE 
RINGS 
EXCISED. 
TYPE TUBE 
USED 

-1__ 

TIME AFTEJ 
OPERATION 
ANIMAL 
SACRIFICED 

findings 

gross 

microscopic 

L 2-C-1 

2 vitallium 

2 weeks 

Clean granulation tissu 
covers defect; ligature 
linve cut through, li 
ng-ainst tube (no sill 
markers). 

e Small island new cartilage 
'3 growing from edge of old 

e cartilage ring; threo areas 

k of homogenous, neutrophilic 

"matrix" having small cells 
scattered through it; begiii- 
ning growth of epithelium 
near end of defect. 

E-12 

3 stainless 
steel 

2.\ weeks 

Clean granulation tissni 
around tube; ligaturi 
lying against tube (nc 
silk markers). 

3 One very small island cartilage 

3 near one end of defect; 

) granulation tissue fills de¬ 

fect elsewhere; beginning 
growth of granulation tissue 
at ends of defect. 

2-B 

3 vitallium 

3 weeks 

Clean granulating sur¬ 
face; silk markers 

around cartilage rings 
at each end of defect. 

Three small islands of car- 
i tilage in thick layer of gran- 

i ulation tissue; epithelium 

beginning to grow from cut 
ends over granulating sur¬ 
face. 

4 . 

3-B 

3 vitallium 

4.V weeks 

Clean granulating sur¬ 
face; silk markers in 
place. 

Two islands new cartilage in . 
thick layer of granulation 
tissue; beginning growth of 
epithelium from cut ends of 
defect. 

.5. 

2-02 

3 vitallium 

5 weeks 

Tube displaced iuferiorly; 
moderate stricture of 
truckea; surface clean 
granulation tissue; silk 
markers in place. 

Two areas new cartilage near 
one end of defect; two other 
areas of homogenous "ma¬ 
trix" which is acidophilic 
and one small island car- • 
tilage near opposite end of 
defect; slight growth of 
epithelium. 

G. 

9-C 

2 vitallium 

5 weeks 

Clean - granulating sur¬ 
face; tube held tightly 
in place; silk markers 
in place. 

Two small' islands of cartilage 
near one end; thick layer of 
grnnulation tissue; early 
growth of epithelium. 

7. 

329 

E-l 

I vitallium 

■ 

Tube held tightly in place < 
by scar tissue covered 
with clean granulation 
tissue (no silk markers). 

□no fairly well-developed car¬ 
tilage ring in thick layer of 
granulation tissue in middle 
of defect; epithelial growth 
at ends of defect. 

$. 

X-5 

4 vitallium 

(1 weeks 

Tube firmly held in place; ' 
surface of defect clean, 
pink, smoot h—wall 

firm; silk markers in 
place. 

rhree distinct cartilage rings, 
irregular in form, lying in 
thick layer of granulation 
tissue; epithelial regenera- 
tiou at ends of defect._ 

9. 

X-42 

12 glass 

G weeks ' 

Tube held firmly in place; ( 
silk ligature lying ' 

against glass tube; sur¬ 
face of defect smooth, 
pink, clean. 

)nly two cartilage rings one 

1 cm. from lower end of de¬ 
fect—another 1 cm. from 
upper end of defect; tlun 
layer of granulation tissue; 
dense collagenous connective 
tissue underlying granula- 
tions; early epithelial regen¬ 
eration. 
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Tamli: I—Ooxt'i* 


DOO 1 
NO. | 

NO. 

CAUTrLAGK , 
KINGS 
EXCISED. 

type to in: : 
UHKD 

TIME AETEH 

operation 

ANIUAI, 
HACK IEIC ED 

FINDINGS 

GltDHS j MiniOHCOl’lC 

10. 

3 vltulliutu 

1 cl \ weeks 

Tube ttnuly hi pluro, held 
hy hear; surface clean 
granulation tissue; silk 
markers in place. 

Three rings of now curtilage; 
thick layer granulation tissue 
and fibrous connective tis¬ 
sue; epithelial growth at 
ends of defect 

11, 

320 

3 vitnllium 

j H weeks 

TuU* held firmly in jdnre 
by scar tissue; surfnre 
smooth, glistening gran- 
ulnllnn tissue (nu silk 
murker .-). 

Hix rings of new cartilage, 
small wull developed; growth 
of epithelium at endM of 
defect. 

12. 

u 



Tube hcbl final}' in place 
by criir tissue: surface 
smooth, glistening gran- 
ulution tissue; silk 
markers in place. 

Three islands (rings) of cur¬ 
tilage, not as well develop'd 
aa in Dog 320; curly growth 
of epithelium at ends. 

13. 

3 stniulcrs 
*»teel 

! 

j 10 WtH'kx 

Tula* firmly in plaro; 
smooth glistening gran¬ 
ulating surfaco ngniustl 
tube tno Milk markers 
UM*d ). 

Three Islands (riugs) of eai- 
tilago; fnirly well developed 
but much smaller than the 
normal adult tracheal riugs; 
licginning growth of epltlie- 
Hum. 

a 



Tube in place; inner sur¬ 
face glistening; defect 
nlumt 1 cm. shorter 
than at completion of 
o]>emtion (length of 
original dofect: 5 cm.): 
Bilk markers in place. 

Five islands of cartilage, fniily 
well dovclopod—two near 

ono end of defect, three near 
tho other; 2 cm. urea In 
center contains no cartilage: 
modernto regeneration of 
epithelium at each end. 

10 . 

J-U 

4 stuinleio* 
steel 

U mouths 

Almost complete regenera¬ 
tion of mucous mem¬ 
brane; tube firmly liehl 
in place: wall around 
t uIhi very firm, white 
(no nilk umrkors used). 

Two woll-developcd rings of 
rnrtilago with flattened 

epithelium hearing no cilia 
covoring these; two other 
rings, rimuller and less well 
developed in granulation tis¬ 
sue and war tissue in area 
not yet covered epithe¬ 

lium. 


there appeared to )>c a definite diminution in the size ol the defect. At four 
tt'coks most of the leucocytes had disappeared and the granulation tissue had been 
converted into denso adult fibrous connective tissue. The diameter of the trachea 
wus markedly narrowed, the ends of the cartilage lings lining only 2 nun. apart. 
At the end of twolvo weeks tho findings were much tho same. Healing wus com¬ 
plete and there was moderate stricture duo to contracture of scar tissue. The 
epithelial cells were taller and most of them Imre cilia. 

(c) Tho healing of tho defects in three animals in which no graft was 
used, differed slightly from those in which fibrin film was used. These dogs were 
sacrificed two, four, and six weeks after operation. In all three tho soft tissues 
of the neck had protruded into tho lumen of the trachea. Epithelial regeneration 
was not complete in any of them, although, it was almost eomplote in the animal 
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which, lived for six weeks. There was some tracheal obstruction, due to the pro¬ 
trusion of granulation tissue into the trachea, and, in the animal sacrificed at 
six weeks, to diminution in the size of the defect. 

Group 77.—A summary of the data obtained is shown in Table I. The 
animals which did not survive the operative procedure are not included. 



Fig. 7.—Dog X-42, sacrificed six weeks after operation. Jlicrophotograph (about /60) 
showing new cartilage cells growing in granulation tissue 1.5 cm. from the upper end of tae 
tracheal defect 



Fig. S.—Dog 222, sacrificed six and one-half weeks after operation. Low powe gjjg 
photograph (about X12) showing old carUlage ring and two islands of new caruiage. -u, 
marker adjacent to old cartilage ring. O, New cartilage ring. 

In all but one dog the tube was held firmly in place by fibrous tissue and 
granulation tissue which enveloped it. The tube in dog 2-C-2 had slippe 
downward and its lower end was against the carina. This animal coughed fre¬ 
quently and had wheezing respiration for about a week before he was sacrifice • 
The remaining animals all tolerated the tubes well. They recovered quie r j 
•from operation, breathed comfortably, and, despite the fact that the lumen oi 
the tube was in every ease considerably smaller than the trachea, wheezing waS 
noted only occasionally. 
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In all experiments the braided silk ligatures luul completely cut through 
the trachea mui were lying against the tube. Smull mnonnls of thick mucus 
were often present in the tithes ami in the trachea. The silk markers referred 



Pip. 9,—l>og 221. Microphotograph (about a 30) vhowlng port of ohl cartilage ring with *llk 
murker below it and part of now carl lingo ring. 



IQ.—Dog 222. Mlcrophotogrnph (about X200) showing margin of small cartilage ring 

In Fig. 8. 

to m Table I ivero sutures of flue silk, placed around the tracheal cartilage ring 
adjacent to the retracted cut ends and tied loosely. Two ties, one anterior and 
one posterior, were placed at the proximal end and two at the distal end (Pig. 1). 
Theso were nsed in u f number of experiments in order to identify definitely these 
eartilago rings and to rule out the possibility that the ends of the trachea had 
been pulled togothor by the contracture of scar tissue. Tho mnrkors were identi-' 
bed easily at autopsy in all animals in winch they were used (Fig. 4). 
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Microscopic examination of the specimen removed from dog 2-B, sacrificed 
three weeks after operation, showed a thick layer of granulation tissue which 
was densely infiltrated with leucocytes. In the midportion of the defect two 
small islands of cartilage were present (Figs. 5 and 6). These areas of cartilage 
were not found in the specimen removed from dog 2-C-l, sacrificed two weeks 
after operation. In dog E-12, one small nest of new cartilage cells was seen 
near the end of the defect. 




vX 
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Pig. 11.—Dog 326. sacrificed eight weeks after operation. Microphotograph (about XD 
showing one old cartilage ring and several new poorly developed cartilage rings in the granu¬ 
lation tissue which have been cut at right angles; early regeneration of epithelium can be seen 
In one end of section. 










Pig. 12. 13- 

Fig. 12.—Dog. 326. Microphotograph (about X60) showing small island of new cartilas 
surrounded by granulation tissue in midportion of defect shown in Fig. 11. . of 

Fig. 13.—Dog 309, sacrificed nine weeks after operation. Hicrophotograph (about X 
an Island of new cartilage. 

Tn all the remaining animals, sacrificed at intervals of from four and one 
half weeks to six months (Table I), these islands of new cartilage were f° UI j 
(Figs. 7 to 15).- Sections made longitudinally at various planes around 
circumference of the scar showed that many of these islands of cartilage grew 
in the form of delicate rings, which in some cases extended around through e 
entire wall of sear tissue which encircled the tube. Although the cartilage rs 
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appeared three weeks after operation, its subsequent growth was slow. Dog 144, 
sacrificed six niontlis after operation, showed two well-developed rings of enr- 
tilago (Pig. 14) and two others which were smaller and were composed of nests 
of cnrtilngo cells which were believed to he less mature. These cartilage rings 
began their growth in ninny instances well out in the granulation tissue, away 
from the preformed adult cartilage rings of the trachea and near the surface of 
tho tissue opposed to the tube (Pig. a). The fibroblasts in the granulation tis¬ 
sue appear to have been the milage of the cartilage cells. Hxnm hint ion of the 
borders of the eartilage islands revealed a gradual change from the fibroblasts 
ill tho granulation tissue to a cell which was surrounded by a capsule, was huger, 
vacuolated, and contained a large eccentrically placed nucleus (Pigs. 12 and Hit. 



Kiff. 14.—Dog 144, ■acrlflced alx month* after operation. Mlorophotoffraph (about X30) 
*nowlnc a large, weli-iiovelopcd L*land of cartilage. Rogonorated epithelium can bo seen cover- 
a part of tho defect 

Occasionally two nuclei were seen in one cell. A homogenous neutrophilic 
matrix was laid down around these veils and this matrix became basophilic after 
a few weeks’ limo had elapsed. Tho stroma of granulation tissue was then grad¬ 
ually converted into adult fibrous connective tissue. 

The growth of epithelium from the cut ends of tho trachea began early but 
had not completely covered tho granulating surface in any of tho animals iu this 
group. In dog 144, sacrificed six months after operation, epithelial regeneration 
was almost complete, howover. The cells were flat and extended outward toward 
the middle of tho defect in a single layer. Tho epithelium then beonmo thicker, 
composed of more than one layer of cells which had a stratified nppearanco as 
growth toward tho midportiou of tho defect progressed more slowly (Pig. 14). 

Group III ,—Tho two animals in tliis group which survived were sacrificed 
six months (No. 102) and fourteen months (No. X-14) after operation. No. 102 
began to havo violent paroxysms of coughing about two weeks before death. 
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There was also rather marked wheezing with respiration which gradually became 
worse. He became malnourished and was sacrificed because of his increasing 
discomfort. Autopsy revealed the tube to be firmly held in place by sear tissue 



Fig. 1 .',.—Dog 144. sacrificed at six months after operation. Atierophotograph (aboht 
X150) showing border of small nest of cartilage cells. Gradual differentiation of fibroblasts 
(seen In lower portion of picture) into cartilage cells. Is clearly shown. 



6.—Dog X-14. Specimen removed at autopsy. A sejraent £ °f c ^ ** ® x tendInw® en 


Fig. 16 . 

shown and the markedly narrowed trachea and bronchus can be seen exieyun.b .‘(phi red. 
the iiilum of the lung and the lower trachea. The regrown rings of cartilage are also p 


which encircled it. There was mucopurulent exudate present in the trachea, t ic 
tube, and the bronchi of the left lung. There was patchy consolidation throug 1 
out the remaining lung and death was thought to be due to pneumonia. j 3 
fortunately, this specimen Avas lost after its removal and before photograp is 
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or microscopic sections wero obtained. Grossly tlicre was almost complete re¬ 
generation o£ the epithelium. The snrfneo of an area which varied from 0.5 to 
1.0 cm. in width, in the central part of the defect, appeared to lie composed of 
pink, smooth, firm granulation tissue. The seur tissue underlying the mucous 
membrane and granulation tissue was very firm and white. There wero defi¬ 
nite rings of hard rubbery white material, spaced along the course of tho entire 
wall of the regrown trachea, which had the gross appearance of rings of car¬ 
tilage. These rings wero not ns uniform in size or configuration os were thoso 
of the normal traehcu above the site of excision and their thickness, width, and 
resistance to pressure varied considerably at different points. 



Fir. 17,—Dor X-l-1. sacratccU at fourteen month* after right pneumonectomy. Allcrophotorraph 
(about X12) fhowlnr part of the rvsvown lower KCrment of trachea. 

Dog X-14 also began to lose weight and to have paroxysms of violent cough¬ 
ing about seven months after operation. Might months after operation tho au- 
imal was subjected to iirouchoscopic examination. The glass tube was easily 
visualized, lying in tho luwor cud of the trachea. It appeared to Iio loosely in 
the trachea and a large amount of mucus was aspirated from the trachea prox¬ 
imal to it. The ond of the tube was grasped with a biopsy forcep and it wus 
easily withdrawn from tho trachea ns the bronchoscope was removed. Exam¬ 
ination of tho lower trachea then revealed it to ho moderately narrowed. The 
mucous membrane was intact us far down as could bo seen, no ulceration being 
noted. 

Following this procedure the animal gained weight and the cough disap¬ 
peared. ’When the dog was forced to run he coUghed and when respiration 
became labored ho wheezed. No wheezing or cough was noted when he walked 
or lay in tho cage. 

Tho animal was sacrificed at tho end of fourteen mouths at which timo he 
was in good health. The specimen removed at autopsy is shown in Fig. 16. 
There wero well-developed, evenly spaced cartilage rings present, from the nor¬ 
mal trachea to the division of tho left main bronchus. Tho mucous membrane 
was intact everywhere. The diameter of the regenerated segment of the trachea 
was a little more than half that of the normal trachea above. 
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The rings of cartilage extended completely around the tube instead of 
around only a part of the circumference as do the normal tracheal rings. 

Microscopic sections of the regenerated segment of trachea showed the car¬ 
tilage rings to be well developed and mature in appearance (Fig. 17). The 
cartilage resembled that seen in the rings of the normal trachea above. The 
arrangement of these lings was not as regular as in the normal trachea, how¬ 
ever, and the space between them was more variable. The mucous membrane 
was composed of a layer of flat epithelial cells which were only one or two layers 
thick and which bore no cilia. No goblet cells could be seen. A few scattered 
groups of mucous glands were found lying outside and between the cartilage 
rings. 

COMMENT 

The differentiation of fibroblasts into cartilage cells has been noted pre¬ 
viously. Maximow and Bloom, 2 LeGros Clark, 3 E. it. Stump, 4 and E. L. Clark" 
and others have maintained that this does occur. It should he emphasized that 
in the experiments reported here the segments of trachea -which were excised 
included the entire tracheal wall. Care was taken to incise the wall with a sharp 
knife between the cartilage rings, in such a way that no bits of cartilage or peri¬ 
chondrium would be left in the wound. The fact that cartilage grew in the 
granulation tissue at varying distances from the remaining catrilage rings at the 
ends of the defects, and that it tended to grow in the form of encircling rings 
which were separate from each other, suggests a differentiation of young con¬ 
nective tissue cells into cartilage cells. This is borne out by the microscopic 
study of the new cartilage and the adjacent stroma. 

SUMMARY 

Three types of operative procedures have been carried out upon forty -two 
dogs. 

1. In .thirteen experiments full-thickness windows have been removed 
from the cervical trachea. The method of healing of these defects has been 
observed following closure of the wounds with free grafts of fascia (studied 
previously by Taffel), with fibrin film and with the connective tissues of the 
wound of the neck. 

2. Full-thickness segments of trachea were excised in twenty-one (logs and 
rigid tubes were placed across the defects which resulted from excision of the 
trachea. Fifteen animals survived this procedure. These animals tolerated the 
tubes well and were sacrificed at intervals ranging from two weeks to six months. 
It was found that new cartilage could be seen growing in the granulation tissue 
which surrounds these tubes. Evidence is presented that this cartilage.develops 
as a result of the differentiation of fibroblasts into cartilage cells. 

Studies on two other animals, in which the right lung, the lower end of the 
trachea, and the upper end of the main bronchus were excised “en bloc a> c 
also presented. One of these animals was sacrificed fourteen months after t is 
operation was performed. It was found at autopsy that restoration of t o 
trachea was complete to the extent that there was regeneration of flattene 
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epithelium over the entire wall and the growth of distinct and separate rings of 
cartilage which completely encircled the tracheal wall and which were fairly 
uniform in size and arrangement. 
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DISCUSSION 

DR. JOIIX If. Cl HI BOX, JR., Philudelphia, Pn.—This is n very interesting und beauti¬ 
ful presentation. I hope Dr. Harrington ftnd I>r. Cray will >uy something ulkmt tho work 
tliat is L'ing curried out fit the Mnyo Clinic along these Hues. While carcinomas of tho 
trachea are not very frequent, when encountered they pre»ent a difficult surgical problem. If 
this work can Ik* elaborated nnd confirmed, no should soon Ik* able to uk 1 something of this 
sort in tho human putient, nnd |K*rforui n radical excision of the Imclieu itself. Tho uso of 
fueein, or otlier nonrigid material, does not permit the resection of an eutiro segment of the 
trachea. 

1 lmd ono exporleuce In which I excised a jmrtion of the trachea nnd the loft mulu 
bronchus lu n jMttiei.t with a bronchial adenoma. In tins patient approximately one-half of 
llio cartilaginous wull hnd to be excised iti oilier to remove the growth. Wo were very 
• puzzled as to how to flU tho defect. Wo finally employed a large, pedieled flap of parietal 
pleura. A portion of ono costal curtilage nos rciuo\cd nnd this piece of cartilage was 
wrapped up in tho pleural flap. The pleural flap containing the cartilage was then sutured 
o\er tho defect In tho tracheal wall. The patient required bronchoscopic dilatation post- 
opomtlvely, but is now nlivo with an adoqunte uirway eight months after operation. 

I mention this case been use, whilo it cunnot be employed whero an eutiro segment of the 
tmclma is removed, it may be a usoful method of handling those cases in which partial 
excision of tho trachea and bronchus is sufficient to remove tho growth. Incidentally, the 
patient did very well post operatively, aud went homo several montlis ago. 

DR. UOLLIN A. DANIEL, JR., Nashville, Team—First I want to thank Dr. Gibbon 
and Dr. Harrington for their discussions. 

The number of animals which we have used was very small, os you hnvo seon, and the 
methods which wo employed were crude. We do intend to rarry nut more experiments of this 
type, and wo hope that othore will do the same. 



EOSINOPHILIC GRANULOMA OF RIB 

Elmer Maurer, M.D., and George A. DeStefano, M.D. 
Cincinnati, Ohio 

D URING the past seven years eosinophilic granuloma of hone has rapidly 
assumed increasing importance as a specific clinical entity. This particular 
destructive lesion mimics a variety of neoplastic processes as well as inflamma¬ 
tory conditions, and should be considered in any differential diagnosis in which 
single or multiple lesions of bone are encountered. Solitary eosinophilic granu- 
lomata may simulate bone cyst, giant cell tumor, Ewing's tumor, solitary 
myeloma, osteogenic sarcoma, and osteomyelitis. Multiple lesions may present 
the same clinical signs and roentgenographic findings as multiple myeloma, 
metastatic tumor, osteitis fibrosa cystica, Lctterer-Siwe disease, and Hand- 
Schuller-Christian disease. 

In 1929 Film 1 described what might be considered the first ease of eosino¬ 
philic granuloma of bone reported in the literature. The lesion involved the 
frontal bone of a 15-year-old boy and was thought to be a “myeloma with prev¬ 
alence of eosinophilic cells." Mignon, 2 in 1930, reported a “granulation 
tumor of the frontal bone" in a boy 12 years of age. Eight yearn later 
Schairer 3 described two eases of osteomyelitis with eosinophilic reaction which 
occurred in the parietal bones of children 9 and 10 years of age. General rec¬ 
ognition was not attracted to this peculiar lesion, however, until 1940, when 
Lichtenstein and Jaffa 1 first clearly defined the condition as a clinical entity 
and suggested the term “eosinophilic granuloma of bone." They reported m 
detail the case of a 4-year-old child in whom a solitary lesion involved the left 
femur. A definite preoperative diagnosis was not made but osteomyelitis, tuber¬ 
culous osteitis, and Ewing's tumor were considered as possibilities. The patient 
made an uneventful recovery following open curettement of the bone cavity and 
postoperative deep roentgen therapy. In a subsequent communication in 19-G 
these same investigator, 4 after careful re-evaluation of the microscopic patho¬ 
logical features of this disease, concluded that eosinophilic granuloma of bone, 
Letterer-Siwe disease and Hand-Schiiller-Christian disease may be consider*-' 
as different clinicoanatomic expressions of the same basic disorder. 

Approximately thirty-nine cases of eosinophilic granuloma have been re 
ported to date. Only six of these lesions have been solitary in the rib. Because 
of the infrequent occurrence of this lesion and its close resemblance clinica J 
and roentgenographically to neoplasms of the chest wall for which surgery 
usually recommended, the following report is being made. 


CASE REPORT 


J. B., a 10-year-old white boy, was admitted to Christ Hospital Aug. 24, 
plaining of left anterior chest pain of one month’s duration. There was no I1S or - 


Kecelved for publication July 14, 1947. 
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tmumn, weight loss, fever, or cough. The pain wna continuous, not exaggerated by deep 
breathing or coughing, am! won increasing in sovority. 

Physical examination revealed no palpable tumor massed over tho left client. Tbo 
|>ercubsion and auscultatory /ladings over both lungs were normal. 

Laboratory studies wera as follows: Blood hemoglobin 80 per cent or 13.5 gm.; 
R.B.C. 4,320,000; W.B.C. 3,700; differential, normal with one per cent eosinophilcs. Sedi¬ 
mentation rate was 13 mm. per hour; scrum phosphorus, 4.3 mg. per cent; scrum calcium, 
10.7 mg. per cent; urinalysis negative. 



/•—I > reopcratIve roentgenocram of the chest showing tho destructive lesion In the left fifth 

rib. 


lloentgenogrnm of the ebcht, poMcroanterior projection, was reported ns showing a 
destructive, expansile process Involving the posterior 0 cm. of the fifth rib on tho loft 
(Fig. I). Tangential views of tho involved rib revealed some pleural thickening about tho 
lesion. The bone destruction and expanding character of the tumor suggcatcJ a primary 
nb sarcoma. Tho pleural thickening seemed to bo In favor of an infectious proccas such 
an osteomyelitis. Tho roentgenologist concluded tlmt ilio bono destruction was not charac¬ 
teristic of any particular typo of lesion and could bo cither infections or neoplastic in 
origin. Combined fluoroscopic and radiographic examination of the remainder of the skeletal 
®ystcm revealed no other evidence of tumor or bono Infection. 

Because of the young ago of tho patient, the posterior location of tho rib tumor, and 
tho paucity of complaints except for chest pain, osteogenic sarcoma was thought to be 
ths moijt probable diagnosis. Focal osteomyelitis nnd giant cell tumor were also considered 
In the differential diagnosis. 

Operative Procedure.' —On Aug. 2fl, 1040, bloc excision of tho fifth rib, transverse proc¬ 
ess, intercostal mnsclo, and pleura was performed. At tho timo of operation a soft, yellowish* 
10 ^ tnmor maxs was encountered complotoly replacing tho normal structuro in the vicinity 
of tho angle of tho fifth rib. A small nodule was apparent on tho plenral surfaqo of the 
ri b but had not eroded through the pariotol covering into the free pleural cavity. Tho 
long was not adherent to the chest vmll and showed no ovidence of tumor involvement. 
Closure of the defect after excision of the fifth rib and surrounding che»t wall structures 
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was accomplished by suturing together periosteal flaps wliich were developed from the fourth 
rib above and the sixth rib below. (Figs. 2 and 3). This resulted in a satisfactory air- 
tight closure of the chest wall following the instillation of 50,000 units of penicillin.' 

Pathologic Findings .—The gross specimen consisted of a section of rib 18 cm. in length, 
with attached transverse process, intercostal muscles, and parietal pleura. Threo centi : 
meters from the transverse process the rib presented a fusiform enlargement 7 cm. in 
length by 2.2 cm. in diameter, tapering at both ends into normal appearing rib. There was 
a pathologic fracture through the midportion of the lesion. On sectioning, no normal hone 
marrow could be identified. 



On microscopic examination (Figs. 4 and 5), the tissue had a typical granulomatous 
appearance. No tubercle formation was evident. The most conspicuous cells were huge 
phagocytic histiocytes which contained large oval nuclei and numerous nucleoli. Inter 
spersed among these histiocytes were sheets of eosinophiles with occasional uiultmuc ca 
giant cells. The giant cells wero actively phagocytic and contained the sumo reddish bro«n 
intracellular bodies which were seen in some of the histiocytes. Plasma cells, lyinphoey c., 
and polymorphonuclear leucocytes were scattered in the section. The supporting stroma 
scanty and contained areas of hemorrhage and fibrosis. 

Cultures for bacteria were sterile. 

Diagnosis: Eosinophilic granuloma of rib. 

Postoperative Coarse .—Convalescence was uneventful. A pleural effusion of 
mutely 400 c.c. was removed by thoracentesis on the fourth postoperative day. rh e 
healed per primam and the patient left tho hospital twelve days following the opera^ ^ 
Follow-up roentgenogram of the chest, at the time of discharge, showed the loft ^ ung ^ 

completely' expanded with no evidence of reaccumulation of fluid (Fig. 0)- T° n ,' rrcn cc 
following operation the patient was well and without evidence of distnnt or loca 
of the disease. 

DIAGNOSIS 

Although originally described as a disease of the very young, eosinop ' 
granuloma has been found to exist also in the adult. Lesions may e so 
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or multiple and may involve all bones of the skeleton except those of tlio bands 
and foot. Tho lesions most commonly occur in the cranial vault, ribs, vertebrae, 
and the long bones, especially tho humerus and femur. Although numerous 
bones may bo simultaneously involved, only one lesion may produce symptoms 
and attract tho attention of the examiner. For this reason, all patients who 
present themselves with findings suggesting the presence of nil eosinophilic 
granuloma of one bone should lie studied radiographically for other bone in¬ 
volvement. 



Fly. 3.—Pertoflteal flap* approximated with Interrupted silk nuturcfl. 

Eosinophilic granuloma appears to be clinically, histologically, and path¬ 
ologically a benign lesion of hone which most commonly effects children, adoles¬ 
cents, and young adults, especially males. 

The exact etiology of the disease remains unsettled. It has been suggested 
by Otani and Ehrlich* that trauma Is a probnblo cause. Lichtenstein and Joffe* 
hebevo tho disease may be due to a virus infection with the portal of entry 
in the gastroenteric tract Repeated tissue cultures by these investigators, how¬ 
ever, liave been negative. 

The clinical picturo is characterized by complaints of short duration, usually 
a fow weeks or months. Local tenderness and pain with or without swolling 
nrc common symptoms. Tliorc may bo systemic manifestations including 
pyroxia, general malaise, loss of woight, and leucocytosis with eosinophilia rang¬ 
ing from normal to 11 per eont When these findings are present the comet 
diagnosis is more easily mado. It is more common, however, for the lesion to 
be completely silent until discovered on the roentgenogram as a destructive 
process with or without a pathologic fracture in the involved bone. This finding 
is usually made only after tho patient has complained of an obscure pain and 
weight loss. Such an onset might suggest a rapidly progressing neoplastic 
process. This was the situation in the ease reported. 




35-1 


THE JOURNAL, OP THORACIC SURGERY 


The roentgenographic appearance of the iniclividual lesion of bone is that 
of a small or large irregularly destructive radiolueent zone with or without 
signs of periosteal reaction, bone condensation, or pathologic fracture. In the 
calvarium, scapula, and innominate bones, the lesion may be circular, sharply 
delimited, or punched out, suggesting a solitary myeloma. In ribs, the affected 
area in addition to rib destruction, may show' expansion of the cortex, and if 
perforation or fracture has occurred, there w'ill be deposition of periosteal new 
bone and thickening of the overlying soft tissue. Such roentgenograpkie find¬ 
ings could also be found in early osteogenic sarcoma of the rib. Because of this 
lack of distinctive roentgenographic characteristics coupled with the usual his¬ 
tory'- of rapid onset, meager complaints, and clinical findings, it is easy to under¬ 
stand w'hv this lesion is easily confused with neoplasm and osteomyelitis. Also, 
in cases in which several bones are involved, the roentgenographic findings may 
suggest multiple myeloma, Ewing’s tumor, or metastatic skeletal carcinoma. 

PATHOLOGY 

The gross appearance of an affected region of bone is usually that of soft, 
hemorrhagic cystic granulation tissue which may vary from brown to yellow in 
color and contains numerous areas of necrosis. The lesion is usually well local¬ 
ized in the medullary cavity and tends to erode, expand, and perforate the cor¬ 
tex. At the time of operation the process may already have perforated the 
coi'tex and extended into the surrounding soft tissues in a manner that is 
usual for a malignant bone tumor. 

The histologic picture presents a destructive granulomatous, lesion character¬ 
ized by large sheets of phagocytic histiocytes, interspersed among which are 
numerous eosinophilic cells and multinuclcar giant cells. The eosinophiles, 
although not the basic constituent of the lesion, nevertheless, are responsible 
for the unusually striking microscopic picture of the disease, and w'hen present 
in large sheets may produce a red appearance in the cut stained sections. In 
the late stages of the disease eosinophiles tend to disappear and there is a pre- 
.dominance of large mononuclear cells and fibrosis. Several eosinophilic granu¬ 
lomatous lesions have been observed to heal by resolution. 

TREATMENT 

Since the final diagnosis is not usually made until histologic examination 
of the tissue has been completed, one cannot know' W'hat would be the course o 
a solitary lesion which closely resembles neoplasm if it were left uhdistur e ■ 
For this reason wide surgical excision is suggested as the treatment of . choice. 
Lesions involving the ribs are particularly amenable to this method of rei j 
ment. When the lesion occurs hr a long bone or the calvarium, healing usua . 
follows thorough curettage. It is now known that complete, spontaneous ea 
ing by resolution does occur in some eases within six to seven months. ^ 
in cases of multiple bone involvement, healing has occurred following roen 
therapy. Since surgical exploration and pathologic examinations are essen > 
however, in establishing the correct diagnosis, and since most lesions require se^ 
eral months to a year to heal under roentgen, therapy, a program of proen 
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6 —Mlcrophotograph high power ehowlng typical multlnucleated giant cel la with lnter- 
• per* ail phagocytic hUtlocyte*. 
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timttion and tost radiation therapy is ill advised. It would seem more desirable 
to treat all lesions of ribs by wide surgical excision. Postoperative roentgen 
therapy is not suggested. 

PROGNOSIS 

Eosinophilic granuloma of bone appears to ; offer an excellent prognosis 
despite its rapid development, seemingly progressive nature, and ominous roent- 
genographic appearance. The postoperative reports and observations ranging 
from seven months to six years made by Jaffe and Lichtenstein 4 on eases treated 
by excision, curettage, and radiation therapy have all been encouraging regard¬ 
less of the method of treatment chosen. The prognosis should, however, be 
guarded in those cases in which multiple lesions are • encountered. In such 
situations, visceral lesions should be sought for and careful consideration given 
to the possibility of Lettcrer-Siwe disease, which is usually seen in younger chil¬ 
dren and manifested by a rapid febrile course with generalized lym’phadenop- 
athy, hepatomegaly, splenomegaly, purpura, and anemia. 

CONCLUSIONS 

1. Eosinophilic granuloma of bone is rapidly becoming more important as 
a specific clinical entity which must be considered in any differential diagnosis in 
which single or multiple lesions of bone are encountered. 

2. This lesion, when in the rib, should be of particular interest to the tho¬ 
racic surgeon because of its close resemblance clinically and roentgenograpivieally 
to neoplasm of the chest wall for which surgery is usually recommended. 

3. A case of solitary eosinophilic granuloma of rib with a clinical, history 
and roentgenographic findings consistent, with osteogenic sarcoma, is reported. 
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BRONUIIOSWROGHAPIIY: APPARATUS AND TECHNIQUE 
Chaki.es M. Norris, M.D., Joan I.ono, M.D., and Morton J. Opl’knheimer, M.D. 

I'UII.AIlKl.l'KIA, Pa. 

With thk Tkountcai. Assistance oe 
Mary Jt. Wester, M.S. 

T HE value of determinations of the functional rapacity of the two lungs 
separately has been conclusively demonstrated by the work of a number of 
authors, notably Jacobsens, 1 Cournnnd and associates, 3 Pinner, Reiner, and 
Zavod, 3 and Adams.* Certain teelniienl difficulties encountered by the early 
workers in this field (Jneobaeus, 1 Frenekiier and Bjorkmun, 3 Bezaucon” and 
others), whose determinations were made with double- or single-lumen rigid 
bronchoscopes, were largely eliminated by the introduction of the specially con¬ 
structed flexible catheters of tlebaucr' and Zavod. 3 Tliase catheters, particularly 
when used in conjunction with the “twin spirometer'' developed by Gobauer,” 
have provided a practical and safe method of estimating the relative function 
of the separate lungs. 

While the chief and mast important application of this work has been in 
the selection of cases for various types of irreversible collapse therapy where 
clinical and roentgen examinations often fail to allow accurate estimation of 
the functional capacity of the two lungs, bronchospirometric data have likewise 
heen holpful in the preoiwrative evaluation of putionts in whom resection is con¬ 
templated. 

Our experience with the double-lumen catheters has, on the whole, heen 
satisfactory, but there have heen many instances in which technical difficulties 
inherent in the apparatus have prevented the recording of satisfactory data. 
These difficulties were encountered chiefly in patients with poor function, be¬ 
cause of the increased respiratory effort minimi in “stenosis breathing’’ 
through the narrow channels of the double-lumen catheter, which seemed inade¬ 
quate despite the fact that the breathing mixture was rich in oxygen. A num¬ 
ber of the patients have seemed actually dyspneic during the test. In some 
cases, free exchange seemed to be impaired by secretions of large amount or 
viscid character. 

It occurred to one of us (C‘. M. N.) that a method using a single-lumen 
endobronchial cathoter might be feasible for simultaneous measurement of 
separate lung function. The apparatus which we have now adopted appears 
to offer advantages of simplicity in use, comfort for tho patient, and added 
accuracy. Tho narrow breathing channels'of the double-lumen catheter, which 
make use of only a small percentage of the cross-section area of the adult 
subglottic airway, have heen eliminated. The single-lumen catheter, 22 F. to 
26 F., with a distal inflatable cuff, provides tho airway to tho left lung. After 
insertion and positioning under fluoroscopic guidance, its outer end is brought 
through one urm of a Heidohrink Y-comicctor on a Coimell mask of appro¬ 
priate size. Uninterrupted uir exchange to tho light lung is thus maintained 
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around the catheter to the left lung via the other arm of the Y-eonnector. There 
appeai-s to be no tendency for interference with air exchange at the glottic 
level, provided the larynx has been well anesthetized. Despite the obvious 
increase in "dead space" for the right lung, there is no indication that this 
affects the accuracy of the results. 



Pig- 1.—Flexible single-lumen catheter for bronchosplrography. A, Distal end, ahowta? 
metal spiral construction and beveled tip with lateral breathing boles. B, Satne. an.er 
application of latex rubber sheath and inflatable cuff. O, Entire catheter (22-26 F-. cm. 
long). 


The catheter* (Fig. 1), 55 cm. in length, is of the flexible metal spiral type, with a 
short beveled tip providing additional lateral breathing holes. The external diameter of 
the catheter used for the average adult is 8.7 mm. (26 F.) ; the internal diameter is slightly 
less than 7 mm. Air leakage is prevented by sheathing the catheter in latex Penrose tubing, 
secured by silk ties at the upper and lower ends. The inflatable portion of the cuff is 
2 cm. in length. Catheters of slightly smaller caliber (22 F. or 24 F.) are required for 
small adults or for patients in whom the laTynx seems disproportionately small. 

Sterilizing is accomplished by boiling or autoclaving, first removing the rubber a ea 
and cuff. A new sheath of sterile Penrose tubing can be applied easily each time 
catheter is used. 

Bronchosplrography is most conveniently performed in the fluoroscopic room, P r0 " 
vided there is adequate floor space. Premedieation for the average adult consists of so 
pentobarbital 0.1 Gm. with atropine sulfate 0.00065 Gm., both given by mouth about oa^ 
hour before the patient is brought to the fluoroscopic Toom, nothing having been given . 
mouth for at least six hours. As the subject sits on the edge of the fluoroscopic 
the pharynx is sprayed lightly several times with 2 per cent solution of Pontoeaine . ^ 
chloride. The larynx, trachea, and larger bronchi are then anesthetized by fraction 
stillation of 2.0 c.c. of the same solution under mirror guidance, using a Lukens 
favoring gravitation into the left bronchus by having the patient incline his bo y 
left and slightly forward after each instillation. 

•The catheter described was made to specifications by the George P. Piling 
Company, Philadelphia. 
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The catheter is introduced on an appropriately curved stilotto under guidance 
of the laryngeal mirror. Then, with the patient supine, necunito positioning in accom¬ 
plished under fluoroscopic guidance; entrance into the left bronchus is favored by beep¬ 
ing tho tip of tlio bevel to the left, nnd by turning the hend so that the chin ia over the 
right fhoulder. Tho extreme tip of the catheter should bo approximately 1 cm. below the 
estimated level of tho carina. 



2.—Slngto-Iuincn catheter method for bronchoaplrography. Aftor positioning under 
thi? c Boldanco and Inflation of the distal cult, the proximal end ia brought through 

f->ri_r ub oe r diaphragm partially covorlng one end of tho Y-connector. Echange of alr- 
^yiren mLxture to tho right lung la maintained around the catheter via tho other arm of 


After inflation of tho cuff, tho lubricntod outer end of tho enthetor is brought through 
the musk and tlirough tho rubber diaphragm occluding one nnn of tho Y-connector, os 
*hown in pig, o diaphragm is a short piece of 3/3 inch Pcarosa tubing 

stretched 0Ter ^ 1Q cn ,j the arm). Tho other arru of tho connector, through which ex¬ 
change to tho right lung is maintained, is occluded by a rubber stopper through which 
Projects a G cm. Iongth of 12 mm. brass tubing. Short longths of heavy rubbor tubing 
(12 mnn internal diamotor, 10 cm. long) aro used to rnoko connection with the twin spirom¬ 
eter. 

Quiet breathing Is recorded for n period of at least four minutes; then one or two 
determinations of vital capacity aro obtained. Finally, maximum breathing capacltyto is 
recorded. " • 


RESULTS 

Table I shows tho data obtained on brouchospirometry using the ainglo- 
himen catheter in three subjects with apparently normal respiratory and cardio¬ 
vascular systems. The percentage of the oxygen consumed by the right and 
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left lungs respectively was found to be 54 per cent and 46 per cent-of the 
total in two of these and 57 per cent and 43 per cent in the remaining case. 
These values correspond well to the average of 53 per cent consumption for the 
right lung and 47 per cent for the left lung as given by Jacobaeus 1 for normal 
subjects. 

Table II shows bronehospirometric data comparing the results obtained 
in five patients with pulmonary disease, in whom determinations were made 
on separate occasions, first by the double-lumen catheter and then by the single- 
lumen catheter. 


Table I. Bronchospirometry in Three Normal Subjects, Using the 
Single-Lumen Catheter 


PATIENT 

PER CENT 0, USE 

RATIO OF TIDAL VOLUMES 

RIGHT 

LUNG 

LEFT 

LUNG 

RIGHT 

LUNG 

LEFT 

LUNG 

L. C. 

54 

4(3 

52 

4S 

T. 0. 

57 

4?. 

60 

40 

M. L. 

54 

46 

61 

39 


Total oxygen consumption was about the same by the two methods. The 
division in oxygen consumption between the right and left lungs was identical 
in two cases and did not differ by more than five per cent in any case, when 
the two methods are compared. These data suggest that in so far as oxygen 
consumption is concerned, the results obtained by either method are reliable. 

There was no striking difference in the tidal volumes obtained by the two 
methods. In two patients the rate was greater with the double-lumen catheter 
and in two it was greater with the single-lumen catheter. In two patients there 
was a difference of more than 2 in the ventilation equivalents, 3 the lower read¬ 
ings being obtained with the single-lumen catheter. The vital capacities of the 
individual lungs were slightly greater with the single-lumen catheter. 

The most striking difference between the two methods was seen in tin 
measurement of maximum breathing capacity. The capacities obtained using 
the single-lumen catheter were often more than twice those obtained when ie 
double-lumen catheter was used. Furthermore, the sum of the maximum brea i 
ing capacities of the right and left lungs, using the single-lumen catheter 
method, approached the maximum breathing capacity recorded on exter 
spirometry (Table IV). 

The small channels of the double-lumen catheter may at times be partia ^ 
occluded with bronchial secretions; the disturbance of the ratio of volumes o 
air moved by the right and left lungs may be considerable. An extreme ^ 
stance of this was observed in patient 5 with advanced bronchiectasis o 
left lung. During the test, the right channel of the double-lumen ca 
became partially blocked as evidenced by great diminution in tidal Ul '^’ 
there was no indication of interference with free exchange when the^siUo^ 
lumen catheter was used. Although the percentage distribution of °-V" ei1 
' between the two lungs did not differ appreciably with the two met io s, 
was a marked difference between the ratios of tidal air moved by 










362 


THE JOURNAL, OR THORACIC SURGERY 


lungs. When the single-lumen catheter was used, the ratio oi the volumes of 
air moved (right deft) was 80:20; the ratio obtained when the .double-lumen 
catheter was used was 26:74, an obviously incorrect finding. 

Some of the other results (Table III) suggest that volume distribution 
ratios obtained by the single-lumen catheter are more accurate than those ob¬ 
tained by the double-lumen catheter. Patient 1, for instance, had minimal 
bronchiectasis of the superior segment of the left lower lobe. When the double¬ 
lumen catheter was used, the ratio of the tidal volume of the right lung to 
that of the left was 57 -.43, and the. ratio of the volumes of air moved during 
the maximum breathing test by the right and left lungs was 48:52. Ou the 
other hand, the values obtained when the single-lumen catheter was used were 
comparable for tidal volumes and maximum breathing capacity, namely, 57 43 


Table III. Bronchospieographio Data: Comparison of Ratios (Right : Left) op 
(A) Oxygen Consumption and (B) Ventilation, as Obtained in Five Cases where Both 
the Double-Lumen and Single-Lumen Catheters Were Used 




I 


RATIO 




RATIO 

RATIO 

MAXIMUM 




OXYGEN 

TIDAL 

BREATHING 

lesion 

PATIENT 

CATHETER 

CONSUMPTION 

VOLUMES 

CAPACITY 



R : L 

R : L 

r : h 



v.s. 

1 

double 

58 

: 42 

57 

: 43 

48 

: 52 

minimal 

bronchiectasis 


single 

63 

: 37 

57 

: 43 

60 

: 40 

llR 

E. J. 
o 

single 

54 

: 40 

01 

: 39 

56 

: 4-1 

nbscess 


double 

54 

: 46 

54 

: 46 

55 

: 45 

BLR 

a. M. 

3 

double 

58 

: 42 

62 

: 38 

76 

: 24 

bilateral 

bronchiectasis^ 


single 

56 

: 44 

00 

: 40 

05 

: 35 

advanced, RBI 

W. M. 

4 

double 

60 

: 40 

64 

: 36 

56 

: 44 

bronchiectasis 

W <T 

single 

60 

: 40 

69 

: 31 

70 

: 30 

LLR 

advanced 

5 

double 

single 

CO -v 
CO CO 

: 12 

: 16 

20 

SO 

: 74 

: 20 



bronchiectasis 

LLR 


Table IV. Maximum: Breathing Capacities Obtained by External Spiromotry Co. - 
to Combined Maximum Breathing Capacities in Four Cases where both 
Double-Lumen and Single-Lumen Catheters Were Used 




MAXIMUM 

BREATHING 
CAPACITY (L.) 

SUM OF MAXIMUM 
BREATHING CAPACITIES 

maximum breathing 
CAPACITY OBTAINS® 

EXTERNAL SPIROMETB_ 

PATIENT 

CATHETER 

1 R 1 

I L 

RIGHT AND LEFT LUNG 

V. s. 

1 

double 

single 

9.6 

22.0 

10.4 

14.6 

20.0 

36.6 

37.5 

E. J. 

2 

double 

single 

9.8 

25.2 

7.9 

15.4 

17.7 

40.6 

44.0 

G.M. 

3 

double 

single 

6.3 

13.8 

2.0 

7.4 

S.3 

21.2 

30.0 

W.M. 

4 

double 

single 

11.4 

27.0 

8.6 

11.7 

20.0 

3S.7 

25.5 
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ami 60:40. In another patient (4) with advuneed bronebiectasis of tho loft 
lower lobe, tho double-lumen catheter showed tho volume of air moved by tho 
rijjht and left sides to bo distributed in the ratio of 64:36 during quiet breath¬ 
ing and in a ratio of 56:44 on effort. When tho single-lumen catheter was 
used, tho corresponding volume distribution ratios were 69:31 and 70:30. 

discussion 

The limitations of the double-lumen catheter arise chiefly beeuuse of re¬ 
sistance offered to flow of tho air-oxygen mixture. Hesistnnco to flow of gaseous 
substances increases ns the length of the conducting tubo is increased, and 
varies inversely with the cross-section urea. Volume flow through tidies of 
the same length, at the same pressure, varies directly with tho fourth power 
of their respective internal diameters; an increase of only 19 por cent in the 
internal diameter will theoretically allow tho volume flow to double. 

Actual measurements show that, using a respiration schema with alternat¬ 
ing pressures of 0 and -14 cm. of water, at a rate of 20 por minute, tidal 
volume through the 26 F. single-lumen catheter exceeds that through one chan¬ 
nel of the adult doublcdumen catheter in the ratio of 1.0 to 0.43 (175 e.c. ns 
compared with 75 e.c.). 

As a matter of fact, the tidal volumes recorded in determinations mndo 
with the double-lumen catheter are often comparable to those obtnined when 
tlie single-lumen catheter is used. This, however, is accomplished only by 
obviously increased respiratory effort which establishes a vicious circle in the 
patient whoso reserve is limited by calling for still greater ventilation. In our 
experience it 1ms been nearly impossible to obtuin satisfactory determinations 
of vital capacity and maximum breathing capacity by use of the double-lumen 
catheter, whereas these ran lie rather easily determined when tho single-lumen 
catheter is employed. 

The increased respiratory effort induced by stenosis breathing through the 
doubie-lumeu catheter would perhaps not he objectionable in itself, for it might 
lie regarded as a form of unsfanilardized “exercise test.” However, it would 
uppear that determinations of relative function (particularly ventilatory func¬ 
tion) will lie moro accurate if the apparatus used is such ns to allow quiet breath¬ 
ing. "Having obtained an estimate of the combined function by external spirom¬ 
etry, it is perhups valid in many cuscs to calculate the functional capacity 
of the separate lungs on a basis of the percentages obtained by use of tho 
double-lumen catheter, even though this cnlails stenosis breathing. But, ideally, 
the resistance to flow of the air-oxygen mixturo should be equal on tho two 
sides; this would require (hat the ratio between the eross-scction areas of the 
airways (of tho same length) to tho two lungs be approximately tho same as 
tho ratio between their actual ventilatory rapacities, a fator which cannot lie 
predetermined. 

Actually, the single-lumen catheter does not provide for eross-seetiou areas 
proportional to the relative ventilatory capacities of the two iimgs. Creator 
accuracy is realized, however, by increasing both airways to the point where 
'resistance to air exchange is but little more than that observed in normal quiet 
respiration. 



364 


THE JOURNAL OF THORACIC SURGERY 


One might predict that the values obtained, if the apparatus used were 
of the double-lumen type, providing channels of the same size to each lung, 
would be fairly accurate despite, stenosis breathing in eases where the actual 
ventilation of the two lungs is approximately equal. It might be speculated, 
however, that the greater the disproportion between the ventilation of the two 
lungs, the greater will be the error induced by stenosis breathing through 
channels which, although of the same size, do not allow' free inspiration and 
expiration. Relative ventilation determined in this way would presumably Ijc 
more in error than the relative figures for oxygen absorption (Table III). 

Assuming that the actual ventilation (without apparatus in place) of a 
patient’s left lung is only half that of the right, the-effect of stenosis breathing 
through small channels of identical size would make the ventilation of the 
left or poorer lung appear a relatively greater percentage of the total, since the 
narrow breathing channels will restrict exchange on the good side to a greater 
degree than that on the poor side. Errors in determination of ventilation will 
obviously be reflected in calculations of .the ventilation equivalent. Work is in 
progress to test- the above premise experimentally, and will he reported later. 

CONTRAINDICATIONS 

Active tuberculous lesions of the larynx, trachea, or left bronchus usually 
contraindicate an attempt at bronehospirography. In most patients, the con¬ 
dition of the larynx and tracheobronchial tree will have been already deter¬ 
mined by mirror laryngoscopy and diagnostic bronchoscopy. Dyspnea of mod¬ 
erate degree is considered a relative contraindication. Nontuberculous lesions 
of the left main bronchus (stenosis, neoplasm, marked deformity) may inter¬ 
fere mechanically with proper positioning of the tip of the bronehospirograplue 
catheter. 

The presence of large amounts of bronchial secretion, hitherto a difficult 
problem in certain cases, is not in itself a contraindication, and preliminary 
bronehoscopie aspiration is not required, since secretions may be aspirated 
directly through the single-lumen catheter immediately before recording; hu 
this purpose, a rubber aspirating tube, No. 14 F., is used. 

CONCLUSIONS 

1. A single-lumen endobronchial catheter for bronehospirography has been 
described; when used in conjunction with the ‘‘twin spirometer” of (icbauci, 
this catheter appears to provide a simple and practical method for simultaneous 
determination of the function of the separate lungs. 

2. The method described appeal's to offer the following advantages: (a) 
Introduction and manipulation of the catheter are relatively easy; its comp etc 
vadioopacity facilitates fluoroscopic guidance, (b) Need for increased respna 
tovy effort during the test is avoided by provision of an adequate airva.\ to 
each lung, (c.) It is suggested that elimination of stenosis breathing (lessenet 
resistance to flow of the air-oxygen mixture) will increase accuracy of deter¬ 
minations of relative ventilation of the two lungs, particularly when a markc 
disproportion exists, (d) Determinations of vital capacity and maximum 
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breathing capacity for the separate lungs, difficult or impossible with tlio tloublc- 
lumen catheter, art' rather easily envrietl out when the single-lumen catheter 
is employes), (e) In eases where copious or tenacious secretions are troublesome, 
aspiration through the single-lumen catheter is nil important advantage. 

3. Bronchospirogmphic data obtained by the single-lumen catheter method 
are presented and compared with those recorded when the double-lumen catheter 
is employed. 
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CONTRALATERAL FRACTURE OF FIRST AND SECOND RIBS 
FOLLOWING THORACOPLASTY 

Albert Guggenheim, M.D., and Bernard N. E. Cohn, M.D. 

Denver, Colo. 

I SOLATED fractures of the first rib occur very infrequently from any cause. 

Liberson, 1 in a review of 2,014 eases of rib fractures, found but three instances 
in which, the first rib alone was involved. Since thoracoplasty was introduced 
for the treatment of pulmonary tuberculosis, innumerable articles have appeared 
in the literature dealing not only with the effect of the operation on the diseased 
lung, but also with the various complications resulting from tins procedure. A 
survey of the literature failed to disclose any mention of rib fracture on the 
contralateral side following thoracoplasty. It is the purpose of this paper to 
present fractures of the first and second rib on the conti'alateral side subsequent 
to this operation. 

An analysis of 208 consecutive eases of thoracoplasty performed at the 
National Jewish Hospital revealed fractures of the first rib in six instances and 
of the first and second ribs in two, making an incidence of 3.8 per cent. Of the 
total number of thoracoplasties performed, 126, or 60.6 per cent, were done on 
male patients, and-32, or 39.4 per cent, were on female patients. Four fractures 
were found in the male and four in the female patients. All the fractures oc¬ 
curred in persons between the ages of 26 and 40, which group comprised 151 of 
the total number of patients. 

case reports 

Case 1.—L. K., a man aged 32 years, had an onset of pulmonary tuberculosis "hh 
hemoptysis in 1930. Left artificial pneumothorax -was iustiluted in 1931 and continued 
until 1934. In addition, left phrenicectomy was performed in January, 1934. Bight ding 
nostie pneumothorax was done in 1936, and continued for five months. A left thoracoplasf) 
was performed in three stages (eight ribs) between August and November, 1930. After 
the second stage the roentgenogram of Oct. 1, 1936, showed a complete fracture in the 
middle third of the first rib on the right (Fig. 1, A). Two years later a thickening 1 m 3 
present in the fracture area (Fig. 1, B). There was no pain. 

Case 2.—G. V., was a 33-year-old man. Pulmonary tuberculosis was diagnosed in D3j>- 
Several attempts to induce pneumothorax on the left were unsuccessful. A left phrenic c 
ing was performed in 1939. A left thoracoplasty was done in two stages (six ribs) in • 
After the first stage (March 17, 1944) a complete fracture of the anterior third of the rjg 
first rib was seen on x-ray examination (March 25, 1944) (Fig. 2). There were no sjnip on 13 
present. 

Case 3.— R. II., a 37-year-old woman, had a history of pulmonary tuberculosis 
1932. Attempts to induce pneumothorax on the left failed. In 1937 a left phrenicectomy 
performed, and pneumoperitoneum instituted. Thoracoplasty on the left was done m 
stages (nine ribs) in 1938. After tho first stage on Aug. 5, 1938, an incomplete rae u 

From the National Jewish Hospital at Denver, Dr. Allan Hurst, Medical Director, 
the University of Colorado Medical Center. 
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could ba scon at tho junction of the middle and anterior third* of the right first rib (Aug. 
20, 1Q3S) (Fig. 3, A). Tho roentgonogram of Oct. 20, 1938, showed callus formation in this 
area (Fig. 3, /I). Tho patient had no specific complaints referable to tho fracture. 

Case 4.—E. M., a 27*ycar-old woman, had onset of tuberculosis in March, 1031. Right 
artificial pneumothorax was discontinued after seven refill* as Ineffective. Eight phrenic 
crashing was done in September, 1038. A right thoracoplasty was porformod in 1040 in 
three stages (eight rib*). After the first stage on Fob. 27, 1940, the roentgonogram re¬ 
vealed a transverse fracture nt tho middle third of tho left first rib with slight displacement. 
(March 13, 1010) (Fig. 4). Tho jmtient did not complain of pain at tho site of fracture. 



A. D. 

EIjr. l.—Case 1. A, Roentcenoffnun showing complete fracture of right first rib. B, Rcent- 
tnmoffram token two years later showing Irregularity of right Unit rib at site of fracturo. 


Case 6.—If. I*., a man aged 30 years, had onset of pulmonary tuberculosis in 1929. Left 
phronlc crush was done in 1934. Left pnoomothorax which was initiated in 1038 was com¬ 
plicated by empyema. Loft thoracoplasty in two stages (soven ribs) was performed In 
1046. After tho first stage on May 17, 1046, roontgonographlc examination revealed a 
fracturo of tho middlo third of tho right first rib (May 25, 1940) (Fig. 5). There wero no 
symptom* duo to the fracture. 

Case 0.—B. W. f a woman, 28 years old, had onset of pulmonary tuberculosis in 1921. 
Eight phrenicotomy wo* dono in 1929. Tho first stage of a right thoracoplasty was performed 
on Dec. 18, 1933 (three ribs). Tho roentgenogram of Jnn. 2, 1034, showed a transverse 
fracture in the middlo third of tho loft first rib (Fig. 0, A). There was displacement of the 
fragments. Another roontgonogram takon on Feb. 0, 1934, prior to the second stage, revealed, 
in addition to the fracture of tho first rib, a fracturo in tho middle third of tho left second 
rib (Fig. 0, B). A subsequent roentgonogram showed two areas of callus on the second rib, 
indicating two fractures (Fig. 0, C). Tho patient did not complain of pain in the region of 
the fractures. 

Case 7.—J. U., a man nged 37 years, lind onset of tuberculosis in 1927- Right phrenicoc- 
tomy wo* dono in 1932. Right thoracoplasty was performed elsewhere in 1930 with romoval 
of second to fifth ribs. Three revisions were performed daring 1938 and 1039. Tho first 
revision wo* done Nov. 20, 193S. A roentgenogram taken Jan. 17, 1989, revealed a frac¬ 
ture of the middle third of the left flrit rib. Slight displacement of the fragment* was 
noted (Fig. 7). The fracture was not present on tho immediate postoperative roentgeno¬ 
gram. 
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Case 8.—E. M., a woman, 39 years old, had onset of tuberculosis in 1932. Left artificial 
pneumothorax was maintained from 1933 to 1.039. Tuberculosis of the left main bronchus 
developed, and the lung did not re-expand. A left thoracoplasty was performed in three 
stages (nine ribs). The first stage was done on March 28, 1941. The first postoperative 
roentgenogram made on April 1, 1941, was negative for fracture. X-ray examination made 
on April 14, 1941, revealed a fracture of the right first rib in the middle third (Pig. 8, A). 



Fig. 2.—Case 2. Roentgenogram showing complete fracture of right first rib. 



A. B. 

Fig. 3.—Case 3.— A, Roentgenogram showing incomplete fracture of right first rib. B, Rocn 
genogram taken two months later shows callus formation. 


After the second stage (May 2, 1941) an additional fracture in the middle third of the secon 
rib was found on the roentgenogram taken on May 27, 1941 (Fig. 8, B).- This patient eo 
plained of slight pain in her right upper chest after the first stage. 

DISCUSSION 

‘Complications following thoracoplasty" for pulmonary tuberculosis have licei 
discussed in numerous publications dealing with this subject. None of tiefii 
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however, mentioned fracture of ribs on the eonlrulnterul side. Beeuu.se of the 
overlapping siiudows in the upieul region of the eonvcntionul eliest roentgeno¬ 
gram, these fractures may lie overlooked easily. On the other hand, one must be 
particularly careful in interpreting a supposed fracture of the first or second 
rib. Although wo considered .several suspicious cases, we did not include any 
instance which did not show a definite fracture or callus formation. 


v.* * 71.51 







370 


THE JOURNAL OF THORACIC SURGERY 

The fractures were of two types, incomplete and complete. Seven of the 
eight eases in our series showed a complete fracture. Case 3 was an example of 
the incomplete variety. There was no displacement of the fragments in four 
cases. In the remainder, separation of the .'fragments was found; in two in¬ 
stances the proximal fragment was displaced.upward and laterally (Cases land’ 
6), and in one the distal fragment was displaced laterally (Case 7). The frac¬ 
ture line was uniformly transverse. No comminution of the fragments was noted. 


A 



b. a. 

Fig. 6.—Case 6. A, Roentgenogram showing fracture of left first rib with 
separation of the fragments. Second rib negative. 3, Roentgenogram truten live " area s 
shows fracture of left second rib. C, Roentgenogram taken at still later date shows 
of callus on left second rib. 

The first and second ribs are similar in appearance, but they differ in cer 
tain anatomical points from the other ribs. The second rib has a slight an 0 
which is not present in the first rib. The first rib, which is the most curve 211 
the shortest of all ribs, is broad and flat. The upper surface of its bo 
marked by two shallow grooves; the anterior groove transmits the su 
vein, the posterior groove the subclavian artery and the lowest trun o ^ 
brachial plexus. The scalenus medius, scalenus anterior, and the first cugi 2 
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of the serratus anterior arc attached to tlie first rib. The second rib is not flat¬ 
tened horizontally as is the first rib. The first and second digitntions of the ser- 
rutus unterior as well as the sculenus posterior are inserted on this rib (Fig. 11). 

The vast majority of fractures aro due to a single accidental traonia. Lane 3 
bplioved that isolated fractures of tho first rib could result from (a) indirect 
violence, the force being transmitted through the clavicle, (b) directly by means 



Pis- 7.—CitM 7. Roentgenogram iltowlng fructun* of left first rib with slight displacement of 

fragments. 



.t. n. 

. Pig. 8.—Case 6. A, Roentgenogram Khowlog fracturo of right flrat rib. following first 
thoracoplasty. B, Roentgenogram after second stages thoracoplasty showing fracture of 
right second rib. 

c£ force applied from behind, and (e) by indirect violence, tho force being 
transmitted from the manubrium. There arc, however, a limited number of 
reports in which the fracture was not caused by a single direct injury. These 
■ eases havo been explained on tho basis of muscular pull. 5 ' 10 March fractures of 
tile first rib havo been reported. 11 Spontaneous rib fractures other than first or 
second ribs duo to cough have been recorded in tuberculous individuals.*- ,3 - 1 * 
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These fractures are thought to result from muscular stress. Bond, 14 however, 
considered deealcification of the ribs and general debility as the etiologic factors 
rather than muscular contraction. 

In the eight eases analyzed in our series vve could not demonstrate a single 
trauma as the etiologic factor. We considered the position of the patients on the 
operating table as a possibility. In six eases a fracture was found on the first 
roentgenogram which was taken on the fourth to the fourteenth postoperative 
day. In one patient (Case 1) the fracture was seen after the second stage. In 
Cases 7 and 8 the first postoperative roentgenograms were negative, the fracture 
being first noted in subsequent films preceding the second-stage thoracoplasty. 
We, therefore, do not believe that the position of the patient on the operating 
table or the surgical technique employed could he the causes of the fractures. 



Isolated fractures occurred in individuals regardless of the type of P os *' 
operative management such as shot or sandbags on the operated side, tight strap¬ 
ping of the side of surgery with the adhesive tape being carried across the (>on 
trilateral shoulder, or special braces to aid collapse and to prevent paradoxwa 
motion. 

We assume that removal of ribs during the first stage of a thoracoplasi) 
alters the normal mechanics of those muscles attached to the first and seeom 
ribs on the contralateral side. The insertions of the scalenus anterior, sea emis 
medius, and serratus anterior are released when the first two ribs are resumes 
Consequently, the pull of the corresponding muscles on the eontralatera si 
is unopposed. Since the fractures do not occur during or immediately a 
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operation, it is presumed tlml they remit from prolonged muscular truction. It 
U noteworthy that nil ttio fractures with one exception (Case 2) occnrml in the 
area of greatest muscular stress and where tlie bone .structure was tliinnest duo 
to the suhchivhiu grooves. This Ls the region whii'h we arbitrarily classified as 
the middle third. 

Clinienlly, no symptoms weir observed in these patients with one exception 
(Case S). There were no complications, such as pressure on the hruchial plexus, 
injury to the contiguous ldood vessels, or perforation of the pleura, which l're- 
Uliontly occur in fractures resulting from a single trauma. Because these frac¬ 
tures were asymptomatic, no therapy was necessary. 


SI M MARY 

1. An auulysis of 203 eases of thoracoplasty revealed fractures of the first 
or the second rib, or both, un the contralateral side in eight patients. 

2. In seven cases the fracture occurred after the first stage thoracoplasty. 
The frncturu was first observed in one case after the second stage. 

3. A theory of etiology is presented. 
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PNEUMONOLYSIS FOR THE CURE OF TENSION PNEUMOTHORAX 

J. W. Cutler, M.D.* 

Philadelphia, Pa. 

I N A previous communication 1 pneumonolysis was described as a lifesaving 
measure in certain types of tension pneumothorax complicating pneumo¬ 
thorax therapy. Others have reported similar experiences. 2 

In this presentation two additional cases of tension pneumothorax cured 
by pneumonolysis after other measures have been tried and failed are reported. 
In both instances, the patients were known to have pulmonary tuberculosis but 
the conditions under which the tension pneumothorax developed were entirely 
different in each case. In the first patient, tension pneumothorax occurred as 
a direct complication of pneumothorax therapy, the result of a tear in the 
visceral pleura at the base of an adhesion which remained attached to lung and 
chest wall. In the other patient the tension pneumothorax developed in the 
contralateral or good lung which was not finder treatment. 


TENSION PNEUMOTHORAX IN THE PRESENCE OF PNEUMOTHORAX THERAPY 

Although this complication may follow the initial treatment, it more often 
occurs weeks or months after the therapeutic pneumothorax has been well 
established and successfully maintained. Fortunately the complication is not 
common, occurring in less than one per cent of treated cases. 

The relatively rapid introduction of air into the pleural cavity at the time 
of treatment places pleural adhesions, when present, under sudden tension, with 
maximal strain at the weakest point—usually the site of attachment of the 
adhesion to the lung. This sudden strain may force an adhesion to tear itself 
partially loose from the lung, carrying with it visceral pleura and causing at 
the same time a small tear in the lung. 

'With the adhesion remaining attached to the surrounding lung, the per¬ 
foration is kept from self-closure, and a valve mechanism of the flap variety^ 
set up. 3 Air enters the pleural cavity through the tear, but cannot escape. 


The 

the 


resulting increased intrapleural pressure in turn puts greater tension on 
adhesion with enlargement of the tear in the lung, and a vicious cycle is se 
up. If this is not corrected, the increasing intrapleural pressure may iesU 
in the death of the patient through exhaustion, infection, and suffocation. ^ 
The problem obviously is a mechanical one. The pulmonary tear must ® 
sealed if the patient is to be saved. On the other hand, the pneumothorax 0 
be maintained in order to influence the tuberculous process favorably. 
sueh circumstances, the intrapleural severance of the offending adhesion is 

only logical solution and is lif esaving. _ ^ 

Following the severance of the offending adhesions, the lung retrac , 
well collapsed, and the tear seals itself automatically. The spontaue 


comes 


Received for publication Sept. 8, 1947. 

‘Medical Director, Wawa Chest Hospital, Wawa, Pa. 

374 



CUTLER: PNEUM0N0LYSI8 FOR TENSION PNEUMOTHORAX 


375 


pneumothorax is thus permanently abolished ami the patient is cured of the 
com plication. 

It is imporlaiil to keep the above sequence in mind, ns tlio problem that 
presents itself is one of tho true emergencies in medical or surgical practice. 
The relief to tlie patient following the successful severance of the offending 
adhesion is one of tho most dramatic and satisfying of experiences. An individ¬ 
ual, apprehensive and struggling for breath, within a matter of minutes begins 
to breathe easily and normally, grateful that his life lias been somehow mirac¬ 
ulously saved. 

Pneumonolysis must he employed relatively soon after the development of 
the valvular pneumothorax because the longer the fistula exists, the greater is 
the danger of pleural infection and exhaustion of the patient If offending ad¬ 
hesions are demonstrable in the x-ray, and if it is dcsirablo to maintain the 
therapeutic pneumothorax, thoracoscopy Is indicated. Tf no operable adhesions 
are found, tho pneumothorax should be abandoned as tho complication, even if 
temporarily corrected, may recur at subsequent refills and may lead to death. 

CASE REPORT 

Mrs. A. C., nged ill years, when first dingnnK>d had emulative tuWreuloaiH with cavity 
formation Involving the right upper 1o1h» am I wulfoicd tlon'uhmt spots in tho remainder 
of the lung unit throughout the middle half of the left luug Held. Him won acutely til nnd 
her temperature was septic in elmmv*tor with n range of from 98* Y. iu tho mornings to 
102.3* F. in the afternoons. 

Pneumothorax was started on tho right aide on Aug. 23, 19413. Numerous adJieaious 
wete encountered, some of which were severed on Oct. 11, 1943. However, tho remaining 
adhesions which woro proved inoperable by Inter thoracoscopy provented closuro of a cavity 
in tho apex of the right lower lobe. There was no difficulty, however, in administering the 
pneumothorax treatment on this aide. 

In the meantime, tho loft lung was getting progressively worse and at least four thin- 
walled cavities could bo demonstrated in tho film of Dec. 3, 19-15. Although the enso ap¬ 
peared hopeless, to givo tho patient whntover clinnco there might stiil bo in paving or pro¬ 
longing her life with collapse thorupy (streptomycin was not then avallablo), pneumothorax 
wan established on tho loft side. There was no difficulty in initiating the pneumothorax 
and no untoward symptoms. She received the first refill tho following duy and felt fine. 

Tim second refill was on I)ec. 8, 1945 (250 o.c, of air). It was also accomplished 
without difficulty, nnd "apparently everything was satisfactory. A few hours later, howover, 
tdio complained of increasing shortness of breath, nnd that night the putient was in acute 
distress. 

Fluoroscopic study rovealod marked collapse of tho loft lung, particularly of tho free 
lower lobe. The upper lobe containing the cavities was incompletely collapsed and Severn! 
adhesions woro seen oxtonding between this part of tho lung and tho chest walL (Figs, 
l and 3.) The pneumothorax was greater than could possibly bo explained on the basis 
of the relatively small amount of air introduced therapeutically. It was obvious that tho 
patient hod developed a spontaneous pneumothorax on tho loft sido. 

After removal of 1,000 c.c. of air, tho patient was greatly rcliovod and again breathed 
comfortably. About twelvo hours later the dyspnea again became acute, and 1,500 <xc, of air 
luxd to be removed before tho patient was made comfortable. The same process repented 
itself twelvo hours later and again in six hours, and ngnin In four hours. 

It becamo apparent that the patient Imd dovoloped a small leak in tho left lung aud 
that a flap valve mechanism was involved—one which allowed uir to enter tho pleural cavity, 
hat prevented its escape. Furthermore, tho tear most have gradually increased in site, 
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since the accumulation of mir in the W* - 

decompression gave relief for progressively shorter perils »r anj- 

A careful study of the x-ray him m„. n in . r , ^ ° VC to six to four ban, 

upper Jobe might prove operable. Accordingly the ^ ^ aflhesio,w over the Jeff' 

tlle Thoracoscope was «m»ertrt^ ^ -* 



refill. 

Tlie 


Eig. l._Case FlS ' 2 ' 

£ med(a3tInum S are ta h[fted ^liamlv following second pneumothorax 

upper lobe Is kept from greater collapse n'J 11 ' 1 the diaphragm Is depressed. -- 

Etg. 2.—Case 1. Collaos - ne w! , adhesions Illustrated In Fig. 3. 

Sooii c °llapse of left liinir closed pneuraonolysls with Cutler Thomco- 

apontaneou3 pneumothorax was abolfstirm htarked lessening of tension In pleural on city. Tlsc 

aooiishcd pneumothorax treatment continued. 


brea^oTS W *“ * 

readily explainable 1 smftU '’ int T, *° trUe m ?* e previousl >' reported cases and >* 
In H,A „ ■ - , . u P nt of leak «gh can only be demonstrated under wafer, ns 

in t e case an inflated punctured tire tube when oue can readily locate the puncture by 
Matching'the escaping air as it bubbles through the liquid medium; or (2) at post mortem. 

While exploring the adhesion* with the forceps, it became obvious that the tear in ‘ !t « 
lung was at t ie base of the membranous band encountered at the level of - the seventh 
posterior interspace (Fig. 3). In manipulating the blade of the forceps around this 
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Hr 3.—Case 1. Conditions In the left plcur.il cavity ns seen through the thoracoscope 
tK.fore severance of adhesion*, The perforation In the lung was established at the base of 
tno lower membranous adhesion. For dctuils set* text. 



I.—Case t. Conditions In loft pleural cavity as seen through the thoracoscope 
th« m,r wernnee of three adhesions. Thu patient obtained prompt ana lasting relief from 
110 spontaneous as soon ns the lower membranous band was severed. 
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adhesion in preparation for its surgical severance, breathing became noticeably easier and 
improved remarkably following the cutting. Apparently the placing of the forceps’ jaws 
around the adhesion also covered the break in the lung and following the severance of the 
adhesion the lung in this region collapsed sufficiently to seal tho tear and stop further leak¬ 
age of air. Short of demonstrating the break at post mortem, this must be regarded as 
reasonable proof of the mechanism involved and therefore of the rationale of pneuinonolysis 
as a specific remedy in this type of traumatic spontaneous pneumothorax. 



Fig-. 5. 


Fig. 6. 


Fig. 5.—Case 2. Tension pneumothorax in left chest in the absence 0 £AjSSc«matous 

-„„„„ ha lla-varl to he ttll eDiPnyS«““C_ ^ 


se in the lung. Annular area of rarefaction, at apex believed to, be an empy syringe 
(not proved at ■ thoracoscopy). X-ray taken shortly after decompression ' 


disease ^n 

bleb (not . _ 

and needle. Note marked subcutaneous enlphysema. cumonol- 

Fig. 6.—Case 2y Left lung remains fully reexpunded nine weeks after closed P>' 
ysis. No recurrence of spontaneous in Interim. - ‘ 

In all, tliree adhesions were severed. The first was the membranous band d ' ^ 
mentioned. , The second adhesion was in the region of the fourth posterior interspace^ ^ 
was short, wedge-shaped, and fibrous, with lung running almost to the chest wall a o 
upper border of the adhesion. It had to be enucleated with the thoracotome. j^] a vian 
adhesion was a simple cord which extended from the apex, of the lung to the sU * 
vessels. It was severed without difficulty with the forceps thoracoscope. - Part ° rela tion- 
was found widely adherent to the posterior eliest wall in the vertebral gutter.. IIS 
ship was not disturbed. (Fig. 4.) 
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FIk. 7.—Coso 2. Conditions in the loft pleurul cavity as aeon through tha thorncoacopo boforu 
severance of extensive adhesion running to second anterior rib and mcdlaatinum. 



Flff. 8.—Case 2. Condltlona In left pleural cavity following severance of wide adbealon 
»aown in Fig. 7 . The adhealon had n hollow center containing numerous strings and narrow 
Dana adhesion*. At the baso of ono of these strings, in tho center of the main adhesion, 
jnero was deflnlto dimpling of the lung, as If a •mail tear \vero present No actual break, 
however, could be demonstrated. 
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The patient tolerated the operative procedure quite well and remained remarkably free 
of dyspnea following operation. She obtained a good collapse of the- left lnag anil was 
relieved of her distressing traumatic spontaneous pneumothorax (Fig 2). Some time later 
this patient died of progressive pulmonary tuberculosis. 

TENSION PNEUMOTHORAX IN AN APPARENTLY HEALTHY LUNG 

Spontaneous pneumothorax is not a rare occurrence in apparently healthy 
people and not uncommon in the presence of pulmonary tuberculosis. In the 
latter, it may result from a ruptured emphysematous bleb or from erosion, the 
result of progressive disease. In either case, the spontaneous pneumothorax 
may develop into the tension variety and if not cured may lead to death. 

In the ease to be reported below in a patient known to have pulmonary 
tuberculosis, it was the “good,” contralateral or untreated lung which under¬ 
went spontaneous collapse and threatened the life of the patient. 

The spontaneous apparently followed the rupture of an emphysematous 
bleb, but the valve mechanism resulting in the tension pneumothorax was due 
to subsequent tear of the lung at the base of attached pleural adhesions, the 
same as in the first ease described above. 

CASE REPORT 

This patient, J. A. aged 38 years, was under pneumothorax treatment for advanced 
tuberculosis involving the right upper lobe since July' 30, 1916, and was apparently doing 
well. As far as one could tell from routine chest x-ray studies, the left lung was Pee 
of disease. 

On the afternoon of June 2, 1947, lie developed sudden pain in the left or untreated 
side and became progressively' short of breath to the point of acute distress. The outlook 
appeared ominous. A diagnosis of tension pneumothorax was made. Repeated aspirations 
of air from the left pleural cavity with syringe and needle gave only temporary relief, 
the intrapleural pressure quickly rising to positive, irrespective of the amount of an 
aspirated. It was obvious that the spontaneous pneumothorax was complicated by a P eura 
tear of considerable size. 

An intercostal catheter was then inserted into the pleural cavity and continuous under 
water decompression instituted. This was kept up for three full days. 

The patient obtained definite relief, but as soon as tile catheter was pinched 
dyspnea returned and became threatening. It became apparent that the pleural fistula w® 
not close under tliis management. In the meantime, fluid began to form in the pleural iuv 
and infection of the space and exhaustion of the patient were real dangers. 

Careful fluoroscopic study was strongly suggestive of apical adhesions. There ^ 
also evidence of what appeared to be an emphysematous bleb at the left- apex { B - 
Pneumonolysis was accordingly undertaken on June 2, 1947. 

An extensive cylindrical type adhesion was noted running anteriorly from the an 
surface of the left upper lobe to the second anterior rib and first interspace, me 
mesially with the mediastinum (Fig. 7). The adhesion first appeared solid, but on 
the axillary border one entered a free space. As the wall of the adhesion waa 18 ^ 

numerous strings and small bands were seen. At the base of one of these strings, ^ 

center of the main adhesion, there was definite dimpling of the lung as if there was ‘ 
tear present. On careful examination, however, one could not demonstrate a r 
string and band adhesions were severed with the Cutler forceps and the mam 
resected almost to the mediastinum with the thoraeotome (Fig.-8). . 8DO ea- 

Following operation the patient obtained gratifying improvement in his ^ fl0( j 
As a precaution, the intercostal catheter was allowed to remain in the pleura <-• ■ . 



CUTLEH: PNBUJIOXUI.VSIS KUK TRXWO.X PXKU.MOTHOKAX 


381 


umlenvutcr ticrompmu.iun tens muintninctl. U(Hjn blocking tho rutlietcr, however, there 
was no reeurrem'O of dyspnea. The lung gmduttlly reexpnnded tuel the ratheter wits re- 
moved (Fig. tl). Tito patient in vuteil of the serious spuntnnouns pneumothorax which 
failed to respond to other measures. 


Sl'MMAItV 

Tension pneumothorax is always n serious complication requiring emer¬ 
gency treatment. Primarily it is a symptom complex occurring in individuals 
with a variety of lung pathology or with no demonstrable disease. 

In this report, emphasis is on life-threatening tension pneumothorax which 
can be treutod .successfully hy pneumonolysis after other measures fail. Two 
patients are reported cured by this procedure. 

In one patient, tension pneumothorax occurred as a direct eomplieution 
of pneumothorax therapy for pulmonary tuberculosis. In the other, also a 
known tuberculous individual, it developed on the "good" or untreated side 
with no demonstrable disease present in the lung, probably the result of a rup¬ 
tured emphysematous bleb. In Iwth instances the valve mechanism resulting 
in the tension pneumothorax was the same, namely, tear of the lung ut the 
base of an adhesion with the adhesion remaining attached to the lung and chest 
wall. 

When the offending pleural uillicsion remains attached to the lung and 
prevents self-closure of the tear, pneumonolysis has proved itself a specific surgi¬ 
cal procedure for abolishing the complication. Once the offending adhesion is 
severed, the lung retracts, the tear seals itself automatically, and the patient ob¬ 
tains immediate and besting relief. 

In the presence of therapeutic pneumothorax, treatment to control the 
tuberculosis may he continued with safety once the offending adhesions ure out 
of the way. If no operable adhesions arc found at thoracoscopy, however, the 
pneumothorax should t>c abandoned, ns tbe complication, even if lemporarily 
corrccted, may recur at sulwoquent refills and may lead to death. 
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MYOBLASTOMA OF THE BRONCHUS* 

Alvin R. Kraus, M.D.,. Perry J. Melnick, M.D., and Joseph A. Weinberg, MR. 

Van Nuys, Calif. 

A BRIKOSSOFF v 1 iu 1926, described a type of neoplasm which occurs chiefly 
in immediate relation to striated muscle and Which is composed of its 
embiyologic precursors, the myoblasts. There have been many instances of 
such a tumor, now known as the myoblastoma, reported in the literature since 
then. Of the cases previously reported, with their diffuse distribution over the 
body, there has been only one of the bronchus, that reported by Kramer 1 in 
1939. A case which has recently come under' our observation is reported because 
of its rarity and the difficulties which may be encountered in the diagnosis of this 
type of neoplasm. 

report of a case 

A 48-year-old white man was admitted to Birmingham Veterans Adminis¬ 
tration Hospital on July 17, 1946, with complaint of a draining sinus of the 
right thoracic wall, posterolaterally, of six years’ duration. He had apparently 
enjoyed good health working as a grocer and salesman until 1938, at which time 
he was hospitalized for pneumonia at the Veterans Administration Hospital, 
Los Angeles. Following his discharge, he was troubled with intermittent bouts 
of fever and chills until his hospitalization again in December, 1939, for a 
recurrent pneumonitis, right base. In February, 1940, a rib resection, ninth 
rib posteriorly, was done for drainage of a localized empyema and a lung abscess. 
Bronchograms revealed multiple abscess pockets and bronchiectasis in the right 
lower lobe. On Nov. 4, 1940, a right lower lobectomy was performed at Sail 
Fernando Veterans Administration Hospital. Microsections revealed chrome 
multiple lung abscesses with regenerative epithelial areas. The patient developed 
a bronchopleural fistula and had persistent blood-tinged mucous drainage fr° m 
a sinus tract in the right seventh interspace posterolaterally. He was discharged 
in October, 1941, and during the following year was hospitalized on two separate 
occasions for exacerbation of cough and increased bloody drainage from the 
smus tract. In June, 1943, he was again hospitalized, this time because of fevei 
and foul drainage from the sinus. Repeat bronchoscopies revealed a mass 1U 
the right main-stem bronchus filling the entire lumen, and on' biopsy 
another hospital tins was interpreted as being chronic granulation tissue with no 
evidence of malignancy. An attempt was made to obliterate the bronehopleura 
pulmonary sinus by plastic operation on Nov. 8, 1943, but was unsuccess • 
He showed clinical improvement on instillation of penicillin solution into 

From the Surgery and Pathology Services, Birmingham Veterans' Administration 

pital, Van Nuys.. urcdicine ami 

•Published with permission of the Chief Medical Director. Department or ^pressed 
Surgery, Veterans Administration, who assumes no responsibility for the opinio 
or conclusions drawn by the authors. 

Received for publication Sept. 15, 1847. 
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cavity, and was discharged from the hospital in September, 1944, and readmitted 
three days later because of hemoptysis. Tills subsided with bed rest; tho 
patient was oliservcd for some time and was discharged in November, 1944. He 
was admitted to Birmingham Veterans Administration Hospital on July 17, 
194C, because of moderate hemoptysis and a persistent hemorrhagic and puru¬ 
lent drainage from the sinus tract. 

Course in Ilospitul .—On admission, physical examination was essentially 
negative except for a draining sinus in the right seventh intempneo postero- 
latorally, from which there was a moderate amount of purulent secretion. 
Bronchoscopy revealed an obstruction of the right upper lobe bronchus by an 
old blood clot and granulation tissue at the carina and in tho light main 
bronchus. The histologic features of the biopsied specimen wero interpreted 
by another puthologlst as histiocytic proliferation in association with lipoid 
deposition. Bronchoscopy wus repented on seven different occasions, a small 
amount of tissuo being removed each time. The sinus tract was treated with 
injections of penicillin jelly and the drainage showed fluctuations in amount 
and consistency. Repented sputum examinations were negative'for acid-fast 
bacilli. The patient’s general condition was excellent; he was afobrile and 
felt well. X-rays of the thorax revealed the lower half of the light lung field 
obscured by an homogeneous density which represented thickened pleura. The 
upper half of tho light lung was clear. There was an old resection of posterior 
segments of ribs on tho right from the fifth rib down with murked reparative 
eliaugos. The loft lung was clear. On the last bronchoscopy done, Feb. 5, 
1947, a tumor mass was seen just below tho bifurcation of tho trachea in the 
right main-stem bronchus about one centimeter from the enrina and partially 
filling the bronchus. The upper lobe bronchus was not visible. Two speci¬ 
mens were taken with punch forceps. Microscopic section revealed a tumor 
composed of largo elongated syncytial bands and large round cells having a 
eliaraeteristic structure. The syncytial bands were well delimited from each 
other. They had an ample, pale, bluish-staining, finely granular and vacuo¬ 
lated cytoplasm and small, round to slightly oval, dark-staining nuclei. The 
nuclei were fairly regular and tliore was no evidence of malignancy in these 
sections. 

Tho morphology of these syncytial bands resembled undifferentiated striated 
muscle fibers. The clumps of tumor cells were embedded hi a cellular stroma. 
The stroma cells, hi places, varied somewhat in size. There wore moderate 
amounts of collagen separating the clumps of tumor cells. Thore was an over- 
lying intact bronchial mucosa bouentli which was a layer of smooth muscle cells. 
Adjacent to the large granular cells there wore bundles of fusiform cells which 
also r&scmbled undifferentiated myoblustic elements. Tho nuclei of these cells 
varied distinctly in size and occasional mononuclear and multinuclear giant 
cells wero seen which appeared to bo of myogenic origin. Tho speeimon was 
interpreted as a myoblastoma of tho bronehus. 

Planigrmns (Fig. 1) taken shortly after bronchoscopy showed a lurge 
tumor maas 3 by 4 1 /, cm., projecting from the hilum into the main right 
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bronchus about 1V 2 cm. distal to the bifurcation, narrow™, its t0 . 

““ % Mal Mlib - ' Tl « the upper lobe bronchus was a.u ! 

St acted- Fluoroscopic examination with barium revealed no evidence of ah 
normality. The esophagus was neither constricted nor displaced. Planwraras 

:z h :zivxT sm ,eveaIed no — ot »• ** “ 



PiS ' plan| GT“ ms taken at T aiul 7.2 cm from the posterior cheat wall, showing the location 

or the tumor. 


On Fell. 21, 1947, a right pneumonectomy was performed. Eeseetion of 
the right upper and middle lobes (Fig. 2) was carried out through an anterior 
transverse incision made over the fourth rib, extending from the sternum 
laterally to the midaxillary line. Freeing of the lung and tumor was un¬ 
usually difficult because of firm adhesions. Due to excessive blood loss, the 
patient received ten pints of blood while on the operating table. His con¬ 
dition following surgery was good. 

On the day following operation, the patient was miabje to move both 
lower extremities. There was some motion in the left foot and good tone of 
muscles around the ankle but not around the knee. Deep reflexes were absent 
except for slight motion on the right patellar reflex. The abdominal reflexes 
were absent, and the cremasteric were present. There were no pathologic toe 
signs. Vibratory and light touch were present and there was hypesthesia to 
piu prick up to D8. Circulation was good. There was no evidence of any 
organic etiology and it was felt that the patient was suffering from a mild 
hysteria. V ithin the course of the following few days, movement gradual!.' 
returned. The patient appeared to be getting along well and was making on 
excellent recovery. At no time foliowring surgery was there any evidence of 
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a peripheral thrombosis. On March 4. 11)47, on the eleventh |Histuporntive day, 
the patient hud what appeared to lie a pulmonary emholus and expired. Post¬ 
mortem examination eonld not l>e ohtained. 

Pathology Report .—The specimen consisted of a right lung including only 
the upper and middle lobes. The lower lobe bad been previously resected and 
the stump of the main bronchus t'or the lower lobe was emltodded in dense 
hyaline sear tissue at the lulus. The entire hilns was the site of an irregular 
patch of dense sear tissue 2 by 11 cm. in dimensions, in which were cuilteddcd 
tho main blood vessels to the lobe. Attached to this sear tissue there was a 



Klff. 2.—Pliolojcrnph of the tumor ami the rcMOctctl upper ami mhhllo lobeu of the right lung, 
nhowlug tlu* tumor occupying the right nmin-Mtem bronchu*. 

large tumor mass whieh oeeupied (ho entire hilar area of the lung. The tumor 
was G by 5 by 3 1 /* cm. in dimensions. Most of tho tumor tilled and distended 
the main bronchus of the right lung. It formed a rounded mass whoso surface 
was fairly smooth and well delimited. The mass, whieh was of firm con¬ 
sistency, protruded into the adjacent lung parenchyma for a distance of lt/h 
cm. The cut surfaces had an homogeneous yellow-gray color and conrsely 
tra!>eculated appearance. A small patch of hemorrhage occupied tho upper 
]>o]e. The tumor could he separated from the adjacent brouchus throughout 
most of its extent, hut along its lower polo it had broken through tho bronchial 
wall posteriorly, so that a portion of it 1% by 1 centimeters in dimension was 
found in the lung parenchyma. The lung itsolf was firm. The pleura was 
thickened everywhere by interstitial fibrosis. The cut surfaces wore dark red- 
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brown and granular. The hilar lymph nodes were small and anthraeotic. The 
smaller bronchi were distended and filled with purulent. material. Micro¬ 
scopically, the tumor was composed of three elements (Fig. 3): (1) Character¬ 
istic large cells which resembled undifferentiated striated muscle fibers. They 
had foamy, vacuolated, and granular cytoplasm and small, round to oval, dark- 
staining nuclei. These cells usually formed long bands arranged in groups and 
layers. Occasionally they formed syncytial masses. Heidenhain non-hematoxy¬ 
lin stains showed the granular structure of the cytoplasm to he arranged in 



Fig. 3.—Photomicrograph (magnification X2J0, hematoxalin and eosine) showing the 
characteristic large ceils with the foamy, vacuolated and granular cytoplasm and small, roun 
to oval, dark-staining nuclei, as well as clumps of fusiform cells. 

parallel rows, resembling, rudimentary cross striations. (Abrikossoft’ 1 ' 3 re¬ 
ported them in two of his cases.) Stains for glycogen were negative. (-) 
Clumps of elongated cells closely resembling smooth muscle cells, whose elongated 
nuclei had a fine chromatin network, rounded ends, and nucleoli, and whose 
cytoplasm was composed of longitudinal myofibrils. The nuclei of these ce 
varied in size somewhat but there was no evidence of malignancy. These ce 
formed prominent clumps which intermingled with the large, cells descrn 
above. (3) Scattered large cells (which were smaller than either of the two 
above types) whose ample cytoplasm contained an abundance of deeply eosiiw 
philic granules. These cells tended to be elongated and had oval, dark-stain^ 
nuclei. They bore no resemblance to eosinophilic leucocytes or myelocytes, 
appeared to be a variety of the second type of cell described above. 

The adjacent bronchus was not invaded by the tumor. The hilar lymph 110 ^ 
showed only anthracosis; there were no eosinophilic leucocytes in their smuso 
The lung parenchyma distal to the tumor was somewhat atelectatic, the a u 
contained recent hemorrhage, and the alveolar walls were thickened by hyP e 
and some fibrosis. 
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Discussion .—Misinterpretations in diagnosis are frequently encountered, 
even though the histologic characteristics of such tumors seem to he well agreed 
U|ion. In one of the first biopsies obtained on hronehaseopy in our en.se report, 
the specimen was interpreted elsewhere as histiocytic proliferation in ussocia- 
tion with lipoiil deposition. This was suggestive of the presence of a foreign 
lxxly (such as suture material), and on the basis of this, repented bronchos¬ 
copies were done in an attempt to locate and remove the suspected foreign 
substunce. These first microseetions when reviewed after the last biopsy was 
obtained, showed them to lie similar in appeanuiee, with the ehameteristic 
syncytial 1 Minds, and with a finely granular and foamy vacuolated cytoplasm 
and small, round to oval, dark-staining nuclei. 

No attempt is made here to discuss in detail the various theories relative 
to tho occurrence of these tumors. As Klinge* i>ointed out, the occurrence of 
tho tumor in regions where no striated muscles appear, can be explained on a 
dysontogenetic basis; namely, that such tumors arise from retained or mis¬ 
placed primitive myoblasts which failed to develop into adult muscle tissue. 
Abrikoxxoff, 1 in reporting the first eases of myoblastoma, interpreted the tumors 
as arising from primitive muscle cells which deveh>|>od in nn attempt to repair 
a degenerative process following some injury or intlammntory process, and not 
from embryonal eell rests. This was also suggested by Meyer 5 and by Roffo" 
in 1933. Gunder and Gray and Grucnfeld' were of the opinion that tumors 
arising in these locations were not liislogenetieally identical with granular cell 
tumors urising within skeletal muscle. AbrikossolV. however, later agreed that 
myoblastoma arising ill an area that is devoid of striated muscle might orig¬ 
inate from primitive myoblasts representing nn embryologic rest. The majority 
of investigators regard all of these granular eell tumors ns of myoblnstic origin. 

The identification of tho characteristic tumor cells ns the ancestral colls of 
striated muscle is strongly suggested by the granular cytoplasm as well as by 
tho presence of tho ribbonlikc syncytial masses. Those latter, according to 
'GodleM-ski" imitate tho early embryonal evolutionary phase of the muscle fillers. 

Abrikossott 1 originally classified myoblastomas into four main groups: 

1. Tumors composed of myoblasts completely devoid of si nations: these are 
the pure myoblastomas. 

2. Tumors with myoblasts similar to those in Group I. but showing infre¬ 
quent longitudinal or cross striatums or both, only imperfectly developed 
in the margins of tho cells. 

3. Tumors with hypertrophic myoblasts some of great size, frequently 
multinucleated and of syncytial type. Striatum may or may not be 
present. When it is present, it is usually found iii the peripheral zono 
of cytoplasm. 

4. Atypical myoblastic sarcoma, a polymorphous-ccllcd tumor, in some 
areas frankly sarcomatous, in others showing more highly differentiated 
cells with well-defined longitudinal and cross striation. 

The tumor described hero would fall into Group III of Abvikossoff’s classi¬ 
fication. 



SELF-RETAINING SCAPULA RETRACTOR FOR THORACOPLASTY 

0. C. Braxtigax, M.D., axd T. B. Aycock, M.D. 

Bautiaiorh, Md. 

'T HE advantages of self-retaining scapula retracting in thoracoplasties, espe¬ 
cially in the til’st stage, have been discussed in a previous publication. 1 
The principle of obtaining countertraction by the use of a rib was established. 
It was shown that any of the conventional rib spreaders could be used as a self- 
retaining scapula retractor so long as the assistant kept the retractor blade from 
slipping upon the scapula. Furthermore, it was suggested that a specially prc- 
paied retractor blade would prevent slipping of the retractor on the scapula. 



^ l^Y V Tlie self-retaining scapula retractor shows the mechanism for opening 
tractor blades. This mechanism can be used for either the right or left side. There fs a smau 
retractor blade for application to the rib which is used for countertractlou. The bla 
pi esents an edge and a wedge effect upon the rib, thus preventing slipping on the rib. It w 
risht , or 'without adjustment. The lurger blade is applied to the 
with its muscles. The pegs In the blade prevent It from slipping. The blade is reversible per 
mitting its use on either the right or the left side. The mechanism of adjusting the blade R 
illustrated in Fig. 2. 


Many thoracic surgeons have asked for a special retractor designed for 
self-retaining scapula retracting. A scapula retractor which would not slip, 
would free both hands of the assistant. If no assistant surgeon were avail¬ 
able, it would permit the operator to work efficiently, assisted only by a nm se - 
lvlasscrr objected to using the ordinary rib spreaders and claimed that tin* 
pleura was punctured on many occasions. Puncturing of the pleura lias not 
occurred in the experience of the authors. Ivlassen designed a special retractor 
adapted from a Tufficr rib spreader. A right and a left instrument are neeclec • 
If an instrument must lie modified, an entirely new one may as well be designs 

From Department of Surgery, School of Medicine. University of Maryland. 
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ftciractor blade 


blade 


fiy/ifen 


Fig. 2.—The largo letrnctur bhide fur application to the scapula must bo turned ISO de¬ 
grees to permit the Instrument to l>o used on either tliu right or loft side. The blade is bold 
In place by a screw and two pegs that fit into holes In the retractor blade. Tho pegs und holoa 
In the retractor bludo make It unnecessary to depend upon tho screw ulonu to hold tho blade In 
the proper position. /, Tho screw la loosened, thua releasing tho retructor blade. 2, Tho blndo 
Js being rotated. It Is not necessary to remove the screw. The Instrument does not coma apart 
noth therefore, It Is easily adjusted without dropping pnrts. J, The retractor blndo 1ms been 
rotated IbO degrees and the screw tightened, thua setting the blndo for tho opposite scapula. 



Fig. 3.—The application of tho self-retaining scapula retractor to the rtrat stage of a 
°f thoracoplasty on the left side. Tho fifth rib Is used for countortraction. The 
{misll blade la applied to tho fifth rib about two Inches lateral to tho lateral margin of the 
dond muscle after subperlosteally freeing a distance of about one lnoh on the upper 
arm inner surfaces of the rib. The larger blade la applied to tho scapula covered by Its muscles. 
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It is superfluous to describe the new self-retaining scapula retractor, since 
it is so adequately shown in the drawings (Figs. 1, 2,. and 3). The use of 
a new type of mechanism for opening the blades of the retractor and an ad¬ 
justable blade to fit the scapula permit the instrument to be used on either 
the right or the left side. 

For the instrument to function most efficiently the upper extremity should 
be extended above the head on the side of the thoracoplasty. The fifth rib is 
used for eountertraction when doing the first stage of a standard type of' 
thoracoplasty. The blade that is to be applied to the rib should be placed 
about two inches lateral to the lateral edge of the iliocostalis dorsi muscle 
after subperiosteally freeing a distance of about one inch on the upper and 
inner surfaces of the rib. Upon completion of the operation this area should 
be swabbed with 10 per cent formalin so that irregular bone regeneration will 
not interfere with removal of the rib at the second stage of the thoracoplasty. 
Gauze should not be used beneath either blade of the retractor, since it promotes 
slipping. 

In practical use the instrument has not slipped out of position. Since the 
assistant need not hold the retractor, his attention can be directed solely to 
aiding the surgeon. The pleura has not been entered or punctured by the 
instrument. The exposure obtained is greatly increased over other methods 
even to the extent that it is well to warn against dissecting tissue too far 
anteriorly because it is easy to carry the operation further anteriorly than is 
necessary. The retractor also has been found extremely useful when doing a 
revision type of thoracoplasty. 


CONCLUSIONS 

An efficient self-retaining scapula retractor has been presented. 

The instrument described is manufactured by Mr. E. Hydonmnn of the Baltimore 
Instrument Co., 1010 Ridgely St., Baltimore, Md. 
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WAR AVOI'XDS nF TIIK BSOPIIAGl'S 


GKOHOK N. J. SoMMKIt, .lit., M.D., Tit EM TOM, N. J„ AMD 

Ciiahi.ks K. ()'Rings. M.D., A mm Ahiiok, Mich. 

W OUNDS of tlio esophagus have Iwi-n infrequently treated by military sur¬ 
geons. Because of the elosi' proximity of the organ to the trachea, the 
great vessels of the neck, and the thoracic aorta, esophageal wounds aro often 
associated with other injuries causing sudden death. Only rarely, therefore, 
have soldiers with esophageal wounds reached even the most advanced medical 
installations. Turner' 1 wrote that injuries of the esophagus in war were rare 
and that there wore few records of eases in which the esophagus has been in¬ 
volved and fewer still in which it has been the only organ injured. Euthall 7 
observed one cervical esophageal wound among S.OOO patients admitted to a 
casualty clearing station during World War I. Esophageal wounds aro not 
mentioned in tho oflieinl American’ 1 und British 1 " medical histories of World 
War L The stnndurd German military surgery texts of Franz 0 and Bo re hard 
and Schmieden’ contain scant notice of the esophagus. Edward*, 0 in on excel¬ 
lent roview of thoracic injuries, did not mention esophageal wounds. A study 
of this subject by review of the literatim- is difficult because of the scarcity and 
tho obscurity of reports. One ease of Turner” was originally included in a 
report on gunshot wounds of the urinary bladder. 

Wounds of the cervical esophagus have been more frequently described 
than those of tho thoracic portion. Bergheimer 1 collected thirty-one cases of 
bullet wounds of the cervical esophagus and reported an additional fatal peace¬ 
time case from Madelung's clinic. Doubts as to the authenticity of somo of 
these collected cases have been cast hv .Modelling. 17 Six fatal eases of wounds 
of the cervical esophagus have been reported by Berger, 1 Eutlmll, 7 Madelung, 17 
and Zeller” during World War I. The deaths were due to mediastinal, pleural, 
and pulmonary suppurative processes. Hneckcr 11 described the death of a sol¬ 
dier, whose neck had been crushed in an automobile accident during the first 
German campaign in Poland of 1930. lie lmlicvcd that the esophagus had been 
perforated by a vertebral transverse process. 

Jfadelung 17 attained a cure of a lacerating bullet wound of the cervical 
esophagus; tho wound was explored and a tube, which was removed eight days 
later, was introduced into the stomach through the laceration. Jensen” oper¬ 
ated upon a child, whose esophagus had been perforated by a sled runner, 
within 2.5 hours of tho injury. He drained the cervical wound and passed a 
duodenal tube through tho nose. Tho tube was removed in eleven days; the 
child mado a complete recover)'. Miscall and Harrison” reported the remark- 
ablo euro of a patient with a tracheoesophageal fistula and a mediastinitis fol¬ 
lowing a cervical wound. It wna necessary to perform a tracheotomy, a partial 
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thyroidectomy, drainage of the abscess, and, finally, a plastic closure of the 
fistula with the interposition of neighboring soft tissues between the trachea 
and the esophagus. 

A patient operated upon by Drash 5 in an evacuation hospital illustrates 
the association of vascular and esophageal injuries. The patient was admitted 
with a small penetrating shell fragment wound of the neck and a good shed 
hematoma. At operation a small perforating wound of the carotid vessels at 
the bifurcation of the common carotid artery recpiired ligation of all three 
vessels. The small shell sliver, which had penetrated the esophageal wall into 
the lumen, was removed and the wound closed with a fine suture. The patient 
recovered. 

Two instances of esophageal wounds occurred among 511 patients ad¬ 
mitted to a thoracic surgery center'* in England during 1944-1945. One ease 
involved the cervical and the other the thoracic esophagus. 

Case 1.—A 25-year-ol(l soldier sustained a penetrating shell fragment wound of the 
left hemitliorax Dee. 24, 1944. The same day the wound of entry was debrided; a needle 
with flutter valve was inserted into the pleural cavity to control tension pneumothorax. 
Roentgenograms demonstrated that the missile lay at the base of the neck. December 21) a 
left thoracotomy was performed by Maj. Irving Sarot, Medical Corps, who found a laceration 
of the superior mediastinal pleura but was unable to reach the. fragment. Jan. 1, 1945, a left 
cervical incision was made, and the missile was removed by Major Sarot from a position 
adjacent to the esophagus. An empyema developed, which was drained and packed after 

resection of a long length of the most dependent rib. Penicillin, '4,050,000 units, was gi'en 
intramuscularly December 24 to January 1(5. The seriously ill patient wa3 admitted to the 
center January 2(5. The empyema was draining through an incision parallel to the resected 
rib. Roentgenograms demonstrated a superior intrapleural fluid and air pocket. Iodized 
oil was injected into this pocket after aspiration of pus. Roentgenograms then showed that 
the superior pocket communicated with the inferior- empyema space and the drainage site 
by a narrow track. January 29 the superior pocket was dependency drained by resection 
of the fourth rib through an axillary incision. The suspected bronchopleural fistula was t ea 
found. Liquids taken by mouth appeared in part in the new wound. A nonhemo\ 
Staphylococcus aureus and a bacillus of the colon aerogenes group grew in cultures P 
from the pus. The patient progressively improved following the empyema drainage, 
esophageal fistula healed February 7. The bronchopleural fistula and the two e * u P- 
pockets closed later. The patient was transferred on walking status to the Unite 
May 9. 

'Wounds of the thoracic esophagus have been considered more serious than 
those of the cervical portion. Gordon-Taylor 12 stated, ‘‘The story of wounds 
the esophagus is not unnaturally dispiriting,” in writing concerning ^ 01 
inal wounds. The serious complication of accompanying vascular iujtu} 
illustrated by a patient of Ma delung, 1T who died of erosion of the aoiia ^ 
teen days following a penetrating shell fragment wound of the thoiax, ^ 
was an associated esophageal laceration. Rasumswoski 19 cured a patient wi ^ 
wound of the thoracic esophagus by drainage of the associated me u> s 

abscess. . 


*140th General Hospital. 
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ll'Jf) 


During World War II, Kish' had the opporlunity of operating, shortly 
after injury, on a soldier whose tliorarir esophagus had hern perforated by u 
bullet during training. The missile had lodged against the trachea. The esoph¬ 
agus was exposed through an extrapleural upproueh. The bullet wits removed, 
the esophageal wounds were elused with eatgut sutures. and the operative 
wound was drained. The patient recovered after a stormy course complicated 
by atelectasis, mediantinitis, and hemothorax. A tracheotomy was required 
during the poxto)>erative period. Burbank, b’nlor. and Jones* reported that 
three wounds of the thoracic esophagus were sutured among 1174 thoracic 
wounds treated by the personnel of nn auxiliary surgical group. Their eases 
of esophageal wounds were not described, but they were probably not so severe 
ns that of the patient treated by Kish.' 



Fl». 1. Ftp. j. 

Fig. 1,—Cu«c 1. Antoropoaterior rocnluenofiTani with burium moul »ho\vinff relationship 
build to esopluunut. 

FIr. 2.—Ca«o 1. Latorul roentRenoCmm with barium mwil showing relationship of bullet 
to e*ophaffun. 

Missiles may lodge very close to the csopbugus and not damage it in some 
patients. Qatschers* 1 has described such a patient, in which the bullet lying 
adjacent 1o the thoracic esophagus could be seen to move with the organ on 
lluoroscopie examination. Tins patient was discharged to duty after three 
months' olwervntioa. Pour of tho twenty mediastinal foreign Itodies reported 
by Bommer and TilcColloeli” lay adjacent to the esophagus. Their relation- 
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ship was well demonstrated by barium studies of the organ. It certainly seems 
wise to remove foreign bodies so located. 

Case 2.—A 35-vear-old soldier was struck by a bullet, which perforated the lower left 
arm and penetrated the left hemithorax Feb. 27, 1945. The arm wounds were debrided the 
same day, and a plaster encasement applied for the compound fractures of the radius and 
ulna. A very limited left thoracotomy was performed until debridement of the wound and the 
fractured seventh rib. Penicillin, S20,000 units was given intramuscularly February 28 to 
March 3. At various times between March 5 and April 9,. 840,000 units were given intra¬ 
muscularly. Fluid was aspirated from the left pleural cavity March 5 and 32. The patient 
was admitted to the center Marcii 28. Roentgenogram showed the pistol bullet to lie in the 
upper mediastinum. Films taken after the ingestion of barium (Figs. 1 und 2) demonstrated 




Fig. 3.—Case 1. The patient twenty days after operation. 


that the bullet lay just to the right of the esophagus, which was displaced to the left- - 
1 the right pleural- cavity was opened with resection of the fourth rib. An excc . 
posure of the upper mediastinum wus attained. The bullet, which lay under the me* nu ^ 
pleura, was readily removed. The convalescence was complicated by subcutaneous ^ 
serua, probably due to positive pressure used in expanding the lung at the conclusion 0 ^ 
operation, and atelectasis. The patient was bronehoscoped May 5. He made a con ‘ ^ 
recovery and is seen (Fig. 3) twenty days after operation, A postoperative film 
taken nineteen days sifter operation shows the normal appearing lung fields. 

A personal observation of spontaneous discharge ol a shell 
the thoracic esophagus without untoward results led to an effor 




Fig. Q. Fiff. 7. 

Fig. g.—Ca#e 2, Lateral roentgenogram denionetratlng the lurge metallic mlwile behind 
tno carulao »hadow. 

FUt. 7.—Cano 2. Obllquo roentgenogram with barium mcjil; tho deep notch at the carllor 
n ‘0 of the foreign body l» well ahown. 
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by coughing whenever the patient ate or drank, pemsted for .some daysN 
operation was performed and the fistula closed spontaneously, a most fortunate 
event. Turner- reported the ease of a man, who had sustained a perfoS 
sluapnel wound with the point of entrance at the angle of the jaw. The bullet 
could not be located at operation, during which a tracheotomy was performed. 



Mg. S. Cuse 2. The patient with the healed wound of entry in the left axillary region. 


ihe patient had difficulty in swallowing but said nothing of it because of fear 
of a second operation. Two weeks after injury he suddenly gulped and swal¬ 
lowed an object with relief of his distress. The bullet was passed by rectum 
two days later. Turner 23 later reported another World War I incident. A sol¬ 
dier received five perforating bullet wounds of the chest, a sixth bullet lodged 

• in the lung, and a seventh entered the chest and Avas passed by rectum; it bad 
apparently perforated into the esophageal lumen. Hetzarf 4 detailed a finely 

' illustrated case of late esophageal perforation by a bullet Avith spontaneous 

• cure. The early roentgenograms demonstrated the 30 caliber bullet lying to 
the left of the esophagus at the level of the seventh dorsal vertebral body. 
Later films failed to shoAv the missile. A barium study of the esophagus showed 
a dilated lumen just above the point of earlier lodgment. The patient bad no 
symptoms fifteen months after injury. 




KOMMKIt AND CMIKIKN: WAR WOl T NDS OP KSOR)lAOl’H 




C’AHK .X—A Uii-yejir-oM Miblior miMuiiuil u rttiiii>f shell fragment wound of flu* 
loft thorn* with n eom|Hiund fractaie of fin* fifth rib .Inn. 23, 19I.V Tin* sucking wound was 
l>roinp(Iv dchrhh*tl and rlon*»l. An Intomistnl diuinnge tulx* wan inn'rled. January 23, 100,0(10 
units of pculcltHn were infimimwulnrlv, and 210,000 units were given February U nnd 

12. The jmtient mu* ndmltUsi to flu* renter Fohnmry 2d. Tin* accompanying roentgenograms 
taken February It (Figs. .> nn«l 0) demount nited a large, ragged, moiallie foreign liody lying 
close to the mediastinum in the tuidtlumiv New loenlgenogrnma of February 2(5 taken 
prior to u planned operation for returnnl of (lie fntvigu body failed to icveal it. The 
patient wns completely examined by fluoroscopy without the missile Wing found. A Imriuin 
study of the esophagus (Fig. 7 > * then showed u notch ut the site of entrance of the foreign 
laxly into the lumen. The patient (Fig H) had Ini'll unnwnn* of the passage of the foreign 
hotly. Ho returnetl to the Unites] States quite well April 13. 

July 1 * has discussed briefly eight patients with esophageal wounds treated 
after their return to the l T mtod States. In one ease an esophagot radical fistula 
healed without operation. There utiv four other eases with associated in¬ 
juries of the trachea. The patients as a whole xulTcred with paraesophageal 
nnd mediastinal aliseessts, fistulas, and stricturea. Tills group of patients 
shown that the course of esophageal wounds may lie long and complicated before 
cure is attained. 


SOI MARY 

Esophageal wounds an* some of the most serious that occur in war, both 
from the standpoint of the dangers inherent in themselves and from damage 
to neighboring large blood vessels and the trachea. There is evidence in the 
literature, however, that prompt surgical intervention will save the lives of 
some of these patients. The antibiotic drugs now available and the improved 
methods of anesthesia and resuscitation have changed the prognosis of eso¬ 
phageal wounds from that of earlier wars. Adequate and prompt drainage of 
mediastinal and pleural infections should he carried out for patients develop¬ 
ing these complications. Surviving patients may have fistulas for some time 
or develop strictures. 
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SPONTANEOUS llKMORNEl'.MOTilOlIAX TREATED BY 

DECORTICATION 

1 

A Cask Rkiuht 

Paiikkh I). Kuinu, Jl.D.. and .Iamb 0. JIitiimiv, Jl.D. 

Otkkn. X. C. 

l.NTKODI (TION 

P ITT 1 " and Rolleston 51 in I MOO independently reported what mv considered 
to lie tho first eases of idiopathic spontaneous hemopneumothorax. Hopkins 10 
in 1937 recorded the first to lie reporti-d in a l'cimilc patient, Hartnell 15 in a 
review of tile literature in 1942 found forty cases and added three of his own. 
Of all eases reported up to that time fourteen, or 33 per cent, were futal. Since 
then several more have l>een reported,-'- "- 51 - ll< '- 41 some of which have been 
fatal.” Autopsies' 1,14 have been performed on a number of patients without 
conclusive proof concerning etiology. As fur us can he determined, this is the 
first patient who received an operative exploration. 

Samson and Burford 14 have a most excellent ami interesting review of the 
history of pulmonary decortication. Fowler,"" on Oct. 7, 1393, performed the 
operation of pulmonary decortication for chronic empyema. Delorme, 0 on 
Jan. 25, 1K94, performed the second such operation. The operation was at¬ 
tempted in subsequent years hut finally came into disuse by most surgeons, 
fluid' of Canada is one eontem|Kiniry surgeon who continued the procedure to 
some extent in the treatment of chronic empyema. 

During the last war an entirely new concept of the pathology and 
pathogenesis of hemothorax was formed. 1 ' 4 -'" 5I -”• 5: - ’’’• 45,43 It was 

the realization of this new approach to the subject which led Burford and asso¬ 
ciates” 1 ” to perform decortication for the treatment of traumatic hemothoraces 
in 1943. Since that time, many cases of pulmonary decortication have been 
performed for traumatic hemothorax 45 - 4 " and for certain types of empyema. 50 - m 
However, we have been unable to find in the literature any instance where this 
principle of decortication has lieen applied in u case of idiopathic spontaneous 
hemopneumothorax. 

ETIOLOGY 

Even thuugh no definite proof of an anatomical nature can he shown, the 
most generally accepted explanation of the etiology is that of rupture of an 
emphysematous bleb and tearing of the pleural adhesions. 5, ,0 - 40 - 4I - 5J - ”■ 44 

Ifowover, there are as many theories concerning the cause of hemopneumothorax 
as there are theories for the cause of spontaneous pneumothorax. 

KATHOLOUY 

For many years there was a misconception concerning the clotting of blood 
in the pleural cavity, ilerliek and Spooner 55 showed that tho Wood clots in 

Jtccelved for publication Nov. 10, 1SJ7. 
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Fig. 1.—Shows appearance of chest Immediately after hospitalization and prior to aspiration 
of chest. This picture was taken with patient in incumbent position. 



pr™ o_\puearance of chest in the T\ A. diameter after attempts to aspirate chest P 

1 fa ‘ " ' operatively. 




KUibD AND SIUHl'HY: UUCOKTJCATION IN' SIDNTANKOIIS JIKMOI'XKUllOTUOKAX 40)) 

tho pleural cavity. Tim blood riots rapidly ns it goes into tlm pleura] cavity, but 
t ho motion of the heart, limp's, and diaphragm causes n defibrination of the Moot 1. 
This fibrin is precipitated out, usually on the pleura. What is hTt is simply 
serum and cells. This will not clot unless fibrinogen is added, For this reason, 
we can almost always aspirate a pleural cavity into which there has been bleeding 
and obtain a red fluid of simply serum and cells, Frequently, after a few days 
a pleural exudate is thrown out which leads to a ‘’secondary clot.” This sec¬ 
ondary clot is what has led to much of the misunderstanding concerning clotting 
of blood in the pleural cavity.’■ ”■ "■ ,, j: - *"■*“• *■' This phenomenon, however, 

was fully realized by such men as Trousseau 11 in IS‘,14 and Klliott"’ in 191G. 



Klg. 2.— Lutuml film flunk* Ihe bHiue <1ulu in* Klg. 2. 

If the blood is not immediately aspirated within two to three days following 
tho development of a homothorax, there is deposited a thin layer oT clotted blood 
and fibrin*’ *••« which is continuous over both visceral and parietal 
pleura. A cdosed envelope is formed with the inner surface toward the hemo¬ 
thorax (serum and cells) and the outer surface loosely adherent to the pleura. 14 

• Witliin seven days following the hemothorax, thore is fibroblastic and 
anglublustie proliferation in this layer. Tho fibroblastic envelopo or membrane 
then groivs thicker by deposition of successive layei-s of clotted blood and fibrin. 
Within four weeks, adult fibrous tissue is located on the outer surface of this 
fibroblastic, membrane. Within six to seven weeks, small arterioles can be seen 
to develop in tho outer layer. The advancing inner wall remains composed of 
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I* iff. 4. Appearance of cheat one week after operation. The lunff is re-expanded except for 
small pneumothorax at the apex which disappeared in two weeks. 



Fiff. a.—Appearance of chest eight months after operation. 
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young cellular tisane, ami even single wandering rolls ran be seen. 31 Eventually 
there is almost complete fusion of the outer wall with the pleura. This lends 
to fibrotliomx, empyeimi, reduced piilnionury function, into pulmonary sup¬ 
puration, bodily deformity, and frequently pulmonary hypertension. 16 * 

The alwve applies to massive hemothoraees, and it is recognized that small 
amounts of blood can, and frequently will be adsorbed. 13 * 14,33 ’ 3= * u 

TREATMENT 

The desired treatment in view of the pathology is early and vigorous 
aspiration. According to Sellars, 36 there is no need to fear a recurrence of bleed- 
ing. Tn addition to vigorous aspiration, whole blood transfusions, oxvgeu, rest, 
and such medical measures as are indicated may be employed. During con¬ 
valescence, breathing exercises are very helpful. If aspirations are not success¬ 
ful in returning the-lung to complete expansion and full function after three to 
five weeks, a thoracotomy with decortication should be performed. 

CASK REPORT 

C. M., a .11-year-old white veteran wax admitted to this hospital on March 1.1, 1947. 
ITw past history waa nonrout ributory until .Inmmry. I94fl. At this time, because of vngue 
rheut pains, he received n complete exnminuliou with x-ray of lus chest. This rcvculcri no 
pulmonary pathology. He wua well uutil Fel>. 1.1, lit47, tit whieli time, while driving a ear 
over a very rough road he noticed vague discomfort in the left cheat, whieli lasted from ten 
to fifteen minutes. JteenuM* of this, he >4npi»ed the car. He then exjK'rlenced a sodden 
sharp, sovere pain in his left chest, mid fainted. Examination by a private physician revealed 
a marked shift of his mediastinum to the right. He was told that his chest waa “full of 
fluid.’* He received symptomatic treatment nt home for ton days, and was then sent to a 
hospital. At this time, he hml a septic toni]>cmturo. severe nnoinin, and marked dyspnea. 
X-ray examination (Fig. 1) revealed obliteration of the entire left chest and u marked shift 
of tho mediastinum to the right. Aspiration yielded blood. All cultures and other laboratory 
findings were normal. Hputa were negative for ncid-fast lmcilli. Ho was transferred to Otecn 
oa ilairli 15, 1947. nis findings here were the same us those previously noted except tliat 
now air was present above the loculntcd fluid (Figs. 2, .1). The tuberculin skin test was 
negative. On Murrh 25, 1947, an exploratory thoracotomy was performed. The lung was 
found collapsed and adherent to the mediastinum. The chest cavity was typical of nn or¬ 
ganizing hemothorax. After the fibroblastic membrane on the parietal plcum was incised 
thero was found n heterogeneous mass of fibrin, degenerated red eelb<, necrotie tissue, and 
serum in loculated pockets filling tlie whole interior of the fibroblastic envelope whieli occu¬ 
pied most of the chert envity. The fllmiblastie membrane over the visceral plcum was about 
025 cai. in thickness. This membrane was removed front the visceral ploum and diaphragm. 
Each lobe was freed from the other. 

No cause of the hemothorax was found. The lung was re-expanded and the chest closed 
about a Pezzer catheter which was attached to n Stednmn pump. Fig. 4 shows the appear¬ 
ance of the chest one week postoperatively. Thp patient ’» itostuperntive course was nu- 
eventful and the catheter was removes! on thy third poat operative day. Ho was discharged 
April 25, 1947, one month nfter operation. At this time his lung had fully rc-expnnded nnd 
hi* vital capacity had increased from 1,900 preopemtively tu 4,000 postopomtivelv. Fig. 5, 
an x-ray film nmile Dec. 5, 1947, shows appearance of the chest eight months nfter operation. 

SUMMARY 

Tho history of spontaneous •heiuopncumothorax and decortication is briefly 
renewed. Tho pathology',' etiology', and treatment of hemothorax are discussed 
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and a case of idiopathic spontaneous hemothorax reported. As. far as the 
authors could determine, this is the first such ease which was explored oper¬ 
ative!}'' aiid a decortication performed. 
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HEMANGIOMA OF THE LUNG 

.A Review oe Pour Cases, Including Two Not Previously Reported, Qne of 
Which Was Complicated by Brain Abscess Due to H. Influenzae 


G. E. Wodehouse, M.D. 
Toronto, Ont. 


F ROM the scarcity ot‘ reports in the literature, hemangioma of the lung 
appears to lie an uncommon lesion; while from the increasing frequency of 
such reports in recent years, it is evident that with a higher index of suspicion 
its clinical recognition is becoming more frequent. In 1941 Dauphinee and 
Hepburn 8 reported for the first time the successful treatment by pneumo¬ 
nectomy of a patient whose condition was correctly diagnosed clinically. They 
reviewed the literature to that date, and mentioned the eases of Bowers, 3 of 
Rodes, 14 and of Smith and Horton, 15 all of which presented features similar 
to their own case. They also reviewed the reports of four other angiomatous 
lesions of the lung, which were probably not similar to those under discussion. 
Since then, nine additional cases have been recorded in the English literature, 
bringing the total of traced reports of the lesion to thirteen. 1 ’ s ’ 5 ’ 8| 10 ’ u ' ‘‘ 
It is proposed to review two of these cases, 8,0 to report briefly one more, and 
to report in detail a fourth case which ivas complicated by a brain abscess. 
All four were observed in Toronto. 


Case 1.—Airs. J. S.® On Feb. 14, 1940, this woman of 23 years underwent right 
pneumonectomy by Drs. N. S. Shenstone and R. M. Janes, who found n large cavernous 
hemangioma in the midportion of tire lower lobe. It measured S by 6 by 4 cm., and con¬ 
sisted of many intercommunicating cavernous sinuses, varying in size up to 1.5 <-'n). 
diameter. By injection it was shown to communicate with a branch of the pulmonary arten. 

The patient had never been robust. Clubbing of the fingers was first noticed at the 
age of 15 years, and at this time she became aware of shortness of breath on mild exertion. 
When 21 years of age, she was re-examined because of chest symptoms. Cyanosis m as ooiv 
present, and a radiograph of the chest allowed an infiltrating process of the right middle an 
lower lobes, which Ivy lipoidnl injection was shown not to be bronchiectatic. The nemog 
was 95 per cent (14.8 Gm. per cent), and the red blood count 4.7 million per cubic millim e J^ 
Over the next year and a half she became more dyspneic, more cyanosed, and more • - . 
tired. Following an attack of dizziness, faintness, and thick speech, re-examination ^ 
marked cyanosis and clubbing of the fingers. There was no evidence of congeni a ^ 
disease, and chest radiograph confirmed the presence unchanged of the shadows pr® v ^ 
noted in the right lower lung. Hemoglobin was now 140 to 146 per cent (21.S to 
per cent), and the red blood count 9.0 to 9.0 million. Arterial blood oxygen saturation ^ 
72 per cent (normal 95 per cent). The total blood volume was increased. Following P^ ^ 
monectomy, the cyanosis disappeared promptly. Two montlis later, the hemoglobin ^ ^ 
per cent, and the red blood count 4.3 million. A long standing acnelike eruption 
face had vanished, and her general health was improved both subjectively and o . 

Fourteen months after operation the clubbing of her fingers had disappeared comp 
She has since had two children and is well. 

From the Department of Pathology and Bacteriology, University of Toronto. 
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Cake 2.—Mr. K. H.» At operation by l)r. It. M. Jnuos on Oct. 4, 11) H, this mnn of 
30 rear* had two hemangioma* removed bv local dissection from the right lower lolx* of hi* 
lung. They measured respectively 5 by 4 by .*1 cm. and 3 by 4 by 2 cm., nnd consisted of 
dilated nnd prominent vascular ebunnel*. wlios-c walls showed irregular thickening, and were 
considered venous rnlher than nrteriul in type. At u seeond ojK»nition on Juno 25, 1042, 
two more hcmnngionuis were removed from the left lower lolie. They measured 7 by 2 by 1 
cm. aud 1.3 by 0.3 by 0.4 cm. respectively, and consisted of well-deflned blood spaces with 
marked cavernous dilatations lying just beneath the pleura. 

Tlio patient had Ih'oh well until 11*40, when, following atrenuus elfort during military 
training, he buttered two severe licmoptVM**. Radiographs of the chest were negative, nnd 
repeated sputum examinations failed to bliow tulrereb* lmeilli. lie was discharged from the 
amir, and remained well for one your save for some asthmatic attacks of indeterminnte 
origin, attribute] initially to hi* occupation. Following throe further hemoptysos, he wns 
referred for inveatigntion. 

He was rather thin and pale, nnd hi* lips nnd fingernails were cyanotic. There were 
multiple snmll hemangiomas of the lower Up, which he btuted hud l>ecn present for n long 
time. A soft blowing murmur was later heard in the region of the right enrdiophrenie 
angle, tlio chest Iwing otherwise clear on physical examination. There was no fever, rough, or 
sputum* Tuberculin test was negative, hemoglobin was 07 per cent. The red blood cell* 
were microcytic and hypochromic, a picture compatible with hi* recent hemoptyse*. Rndlo- 
gniplia of the chest showed two shadows in the lower right lung, and one or possibly two in 
tho lower left lung field. Following his first operation lie felt well, hi* cyanosis lessened, 
and ho was enable of more exertion than formerly. The second procotlure further in¬ 
creased his exercibc tolerance, lie was nble to return a little later to hi* former occupation 
without recurrence of the asthmatic attarks. There lm* i>een no further hemoptysis. 

Case 3.—Mr. J. X. Me A. Although u oiirumscrilM'd shadow wns present in Ids chest 
radiograph, this subjeetivcly well young mun wns ueeepted in 1043 for unrestricted service 
In tho Royul Cnnndinn Air Force. On dischurge in 1013, when 21 years of age, the shndow 
wu* present unchanged. It was round, ul>out 5 ciil in diameter, and lay Immediately above 
tho right dinphmgm, extending into the posterior diuphrngruntir hulcu*. Physical and other 
examination was completely negative. Iliy red blood cells numliorod 5.1 million, and his 
hemoglobin was 107 per cent. 

Operation wus advihod, uud on Aug. 13, 1045, Dr. X. S. Hhenstono found a slightly 
pulsating tumor in the right lower lobe. A right lower lol>ectomy wo* performed, with 
uneventful post o[>ora five recovery. 

The specimen rovenled a lurge endothclial-Hned cavity lyiug close beneath the pleura 
of tho lower lolxj of lung. It measured 5 by 5 by 1 cm. and wiw enclosed by n thin wall of 
varying thickness (Fig. 1). Several thin-wulhal vessels lay immediately adjacent to it. At 
least one of these entered the main cavity, which contained fresh blood clot. 

Care 4.—A. 11., a boy of 13 years, was definitely cyanotic when 5 years of age, and 
may hnvo been a “bluo baby" at birth. Ho had suffered since then from persistent clubbing 
of his fingers nnd toes, peripheral cyanosis, and a decreased excrclso tolerance. JIo was 
nither underdeveloped, und although lattoily able to walk' two to three miles In comfort, 
oever, duo to dyspnea, hml ho been nble to run or keep up with Ids fellows nt games. 
For four years Ixjfona dentil bo Jmd experienced recurrent temporal headaches. These ap¬ 
peared daring tho daytime about once weekly, and were somewhat relieved by aspirin* They 
would last most of tlio day, und wore occasionally associated with vomiting. 

On Aug, 13, 1940, ho underwent tonsillectomy. The operation nnd postoperative period 
wore umwontful, he gained a few pounds nnd felt well until October 23, two and one-hulf 
months later. On arising that morning, ho felt wvnk, momentarily 1 ‘went black,” and fell, 
lb rovering, ho continued to school, where duriug the day ho suffered nn episode of blurred 
vision, weakness of tho left hand, uiul clenching of the jaw. A similnr attack of shorter 
duration occurred the next morning- That evening there was a truo Jucksonian uttnek 
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with continued twitching of the left eye and hand over one and one-hnlf hours. Follmrin^ 
this, he lost consciousness for one half hour. He was referred to hospital, where during 
the next few days several similar attacks occurred. These were associated with increasing 
temporal headache, drowsiness, and weakness of the left arm. He was nauseated, and 
vomited several times. 

On October 29; his seventh day of symptoms, he was admitted to the Neurosurgical 
service of the Toronto General Hospital. On admission he was conscious, and bright mentally 
He was poorly developed. Oral temperature was .09° F. and respirations 20 per minute. 
There was cyanosis of the lips, ears, and tongue, and marked cyanosis and clubbing of the 
fingers and toes. His che9t was clear on physical examination. The heart was enlarged 
slightly and beating regularly at 80 per minute. No murmurs were heard. There was 
mnrked weakness of the left face and the distal muscles of the left arm. There was slight 
weakness of the left leg. Plantar responses were downward. Sensation was not disturbed. 
There was no papilledema. He was not dehydrated. Laboratory studies revealed a normal 
urine. Blood examination showed a red cell count of 0.4 million. The hemoglobin was 117 per 
cent by the Sahli method. White cells numbered 9.S thousand. Immersion of the hands 
in hot water did not alter the cyanosis of the finger tips. This was felt to favor its 
central rather than peripheral origin. 


•’ ! 



Fig. 1. 

pleura. Its light colored 


Case 3. The hemangioma Is shown In cross section, lying close beneath^r 
:d wall varies markedly In thickness, and is surround- e “, ji^tfc lunc 


_ __ markedly ___ .. , tT . lw ... 1L1 ._ 

zone of atelectatic and organized lung. Several small vessels lie between the aiei ; , n il 

and the vascular wall. These are best seen immediately adjacent to the mne - 
left-hand limits. (Photograph X-V>.) 

Roentgen study of the chest showed a slightly enlarged heart of normal conllgun ^ ^ 
There were mottled densities through the lower two-thirds of the right lung field, cxa[ ^ 
the region of the costoplirenie angle. These were most marked in the hilar region ^ 
lower lobe area (Fig. 2). The tuberculin test was negative. An. orthodiagram s °'^ 
cnrdiothoracic ratio to be 52 per cent. Cerebrospinal fluid contained 70.2 mg. o pro t 
cent.' No cells were seen. It was faintly xanthochromic. Uhood, 

In the presence of cyanosis and dubbing of the fingers and toes since oar.i < 11 
an initial tentative diagnosis of congenital heart disease was entertained- ^ le 1 a 
lesion was considered to be either cerebral softening secondary to vascular oec usion, ^ 

brain abscess, either possibly the result of bacterial endocarditis .supenmposei o 

genital defect of the heart. Daily blood cultures were taken, from whichi n° » aB d 
obtained. During the next week his headache recurred, and the weakness or t 
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leg lnm*itM>d. IhipllUMlomn appeared and iH'rnnu* progressively more nmrkinl. Hmin 
alfc-cew* wax n«»v ronsidori'd tin* nu»4 likeh niminl lesion, nml aeeoidingly a craniotomy wiih 
performed on Xovrnila'r X, tin* chwenth hospital day. A large, egg-flhnjH'd, unfit iwulnled 
nbscos, ntcnxurlng (I mi. in its long nxin, wns found in the right Kolnndic urea. H was 
ruptured during removal. Preojk’mlivelv tin* patient lmd been slarttsl on |H'nir[]liu, 31),IKK) 
units intramuscularly otory tluee Iiuiiih. A further t*.»,fHM) units were Instilled into the 
operative site following removal of the abscess. A vulture of the abscess contents waa 
sterile. 

After ft few days of favorable proxies*, the IhivV headache and papilledema again l>cgan 
to increcu-e. Aspiration of the operative mu* showed that the ahwees* had recurred, and 
from tlie pus obtained a pure culture of J/t maphtlu* iuflurnzar wax grown. Subsequently, 
he underwent repeated aspiration nnd surgical drainage of locally recurring cerebral ubsccaaeK. 
Tho organism was streptomycin sensitive, nn<l consequently streptomycin 1,000,000 units 
daily was given intramuscularly for a period of ten days. No coincident improvement was 
noted, and as the drug was hi short nipph it was discontinued. Enlargement of the 
craniotomy was followed liy flu* growth of a large bruin fungus. This wns excised six weeks 
lieforc death, only to recur. Teminally a meningitis develojwd, 



Ktp. 2.—Cnxo 4. Note the Infiltration of the lower tmlf of tlio ilulit chest, moat marked In tho 
hilar region of t)ie lower lobe. 

A pure culturo of II. influenza? from the uWess wns obtnined on a second occasion 
®ix Weeks after its initial isolation. 

Itepoat radiographs of tho chest on Jan. 17 and Feb. 5, 1047, showed no change in the 
previously described shadows iu tho right lower lung field. In the presence of the brain 
u bscehS, thobo were considered probably Inflammatory In nature, and wero felt to be 
compatible with tho changes o'f bronchiectasis. However, in the absence of cardiac mar* 
murs, and of a diagnosis of n definite type of congenital heart lesion, an arteriovenous 
aneurysm of the lung was suggested as a possible explanation of tho lung sluidows, tho poly¬ 
cythemia, tho cyunosls and the clubbing of the fingers and toes. Tho boy's general condi¬ 
tion at this time prevented more comploto investigation. 

At autopsy, the subject wolghed 55 lb. und measured 4 feet, U inches in length. There 
"tu* mnrked clubbing of the fingers und toes. Through tho center of a large right-sided 
pariotal craniotomy a soft fuugus of the bruin extended 4 cm. Iwyond the surrounding 
“^P* On removing the brain, a heavy plastic basilar meningitis of faintly greenish-yellow* 
pas was seen to extend out the lateral sulci to fade into a much less marked meningitis over 
tho cerebrum. Similarly, n moderate spinal meningitis was present. The l»ody of the right 
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ventricle was distorted, and pulled well out into tho herniated brain substance where it Itwauw 
continuous with a small ragged cavity in the periphery of the fungus. Apart from n mild 
ependymitis, and the distortion of the right lateral ventricle, the ventricular cavities were 
not dilated or otherwise remarkable. There was no inflammation of the middle ears, the 
mastoid cells, or the accessory nasal sinuses. 

The heart showed moderate generalized hypertrophy. Both ventricles were slightly 
dilated. It weighed 180 Gm. as compared to the normal average weight of 121 Gm. for a 
boy of 12 years.- 1 The left ventricular wall measured 1.3 cm. and the right ventricular wall 
3 mm. in thickness. The valves and valve orifices were normal. There was no functional eon- 
genital defect, although a probe could be passed obliquely through a minute opening in the 
basal portion of tho interventricular septum. The foramen ovale was closed, and the ducliw 
arteriosus obliterated. 



Fig. 3.—Case 4. Note the satellite loculations In the lower right corner, lying P. e ^s^ 
the main cavity of the hemangioma. The markers lie in communicating wooo 

The lungs were of normal size, grayish pink, and crepitant throughout. On dissecti ^ 
large endotlielial-lined blood-containing cavity wns found lying closely beneath e ^ 
of the hilar aspect of the right lower lobe (Fig. 3), This presented a main cavih ,ue ‘ 

■±.5 by 2.5 cm., from the lower corners of which there were two large extensions, -t 
blind pouch extended upward, while on its lateral wall there was another irregular sneeu ^ 
When filled with blood, the whole may have measured less than 1 cm. in thickness, 
axis, lying parallel to the pleural surface with which in places its outer wall was ni ^ 
Around the periphery of the main cavity there were several small satellite loculations^ 
ing 3 to 6 mm. in diameter. These communicated irregularly among themselv e ^ a vasfiU ] ar 
the main cavity. Two communications were noted between the main cavity and t e ^j^er- 
tree, one through a thin-walled vessel 3 nun. in diameter, and one through n rat ier ^ ^ 
walled vessel 5 mm. in diameter. Other communications may have been destroy 
initial rough dissection. -No intrnpulmonary source of infection was demonstrate ^ 

Microscopic sections through the periphery of the main cavity g om e 

loculated structure, and oxtremo variation in thickness of the cavern walls ( 1 S- 



WODKIKU’HK: IIKMAXdlOMA OK LUX(1 


413 


geumilligil inrretixo und liruvinos of llu* vnmilnr liw wux tlemonxtmltH] in the other lobcx, 
Ibl* being moat nmrkitl in the right lung, although also present to a lessor ilegroo in the left. 
The TubPcl walla wore prominent ami irregularly thickened. The adjacent lung parenehynm 
■honed in many pluce^ a putehy ntelertnxix and flhroaix. » 

Microscopic examination of tin* mill of the uhxoesx lemuved at upemtion on November 
8 allowed a well-defined Jlhroux riijtfiili*. Although no definite age eould 1 h* assigned, it was 
cu undo red to have l>een ut leant xix to eight utvkx old. 




Up. 4.—Cntw 4. Thl* nectlon wax cut from tlio periphery of the main cavity of die 
nenutngionja. It chows the mulllloeuliiteil vuHciilnr xpacos lying close beneath tho pleura. The 
watts of the vusculnr xpncex vary niuikcilly In tldckncxs. {Khotogmph X$.) 

DISCUSSION 

Hemangiomas of the lung appear to !»• local manifestations of a general¬ 
ised congenital tendency to mnldevclopmont of the blood vessels. As in 
Jam's’s case," they may he multiple, ami associated as in three other reported 
cases with hemangiomas of the lips. Similarly in Guse 4, the abnormal vas¬ 
culature seen in the other lobes of the lung again supports a more generalized 
structural abnormality than was at first apparent. A familial tendency is sug¬ 
gested by Goldman’s report* of hemangiomas occurring in each of two brothers. 
The lesions may consist of mnltiWulated vascular structures, or may present 
one large central dilatation with or without surrounding satellite loeulations, 
with varying degrees of communication with the main pulmonary vessels. Tho 
presence or nlsenco of symptoms largely depends on the extent of these com¬ 
munications, and on the volumo of blood passing through them. 

A few patients, as in Case 3, may csenpo any untoward effects of tho 
lesion. In them, diagnosis will result only from the incidental finding of an 
abnormal lung shadow on chest radiography performed for other reasons. How¬ 
ever, it would appear from Ouse I, and from the ease reported by Maklor and 
^ 10ll , u that both the symptoms and the radiographic findings may progress. 
It would seem proliable that eventually all or at least most patients will develop 

symptoms. 
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Blood passing from the pulmonary artery through the lesion to the pul- 
monaiy veins will return unoxygenated to the left heart. Depending on the 
extent of the communication noth the pulmonary vessels, and on the volume of 
Mood flow, this will lower to a varying degree the oxygen saturation in the 
systemic circulation. If this lowered oxygen saturation is marked, dyspnea and 
cyanosis may result, with secondary clubbing of the Angers and compensatory 
polycythemia. The polycythemia in turn may bring its accompanying com¬ 
plications. The patients reported by Dauphinee and Hepburn, 8 and by Smith 
and Horton, 15 both consulted their physicians following episodes of dizziness, 
faintness and thick speech, possibly the manifestation of thrombosis in cerebral 
vessels. 


Again, as in Case 2, hemoptysis may be the presenting feature. This may 
be of exti’eme degree, as in the fatalities reported by Bowers" and Rodes! 4 

Prior to operation, Case 1 had suffered for years from intractable acne 
of the face. Two months after operation and the correction of her cyanosis, the 
eruption had completely disappeared, suggesting that the previous relative 
anoxia may have been a factor in lowering the resistance of her skin to infec¬ 
tion. Possibly' a similar factor of lowered oxygen saturation may- have favored 
the development of the brain abscess in Case 4, and of brain abscesses in other 
cases of cyanotic cardiorespiratory' diseases. Robbins 13 reported three cases of 
brain abscess associated with the tetralogy of Fallot occurring among fifty- 
three cases of congenital heart disease encountered among 7,880 autopsies at 
the Mallory- Institute. Although small, this series would suggest that brain 
abscess occurs more frequently than usual in cases of cy-anotic heart disease. 
Of a total of twenty-four reported cases of brain abscess occurring in cases 
of congenital heart disease, thirteen were associated with the tetralogy .of F aU°b 
a condition resembling Case 4 both in the presence of cyanosis, and of an 
arteriovenous shunt which may sidetrack the pulmonary- capillary circulation. 


It has been suggested that infection of the brain in congenital heart disease 
may occur cither by growth of bacteria from the blood stream in an area 0 
encephalomalacia secondary- to cerebral vascular occlusion, or bv infective 
brain embolism. 16 In Case 4, and in the majority- of the thirteen tetralogies o 
Fallot, no primary source for such an infected embolus was demonstrate ■ 
Nor was there, in Case 4, any- particular episode suggestive of cerebral \ ascii * 
occlusion prior to the onset of symptoms directly attributable to the abscess. 
It is interesting that in two of these thirteen cases, as in Case 4, the infectme 
organism was H. influenzae / an unusual cause of brain abscess. It has 
been seen previously- in the Department of Pathology- at the Banting 
and apart from the above, only- one other case was noted in the recent 16 
lure. 12 As a cause of meningitis it is common in infants and not unconmi^ 
in children. 18 It can occur in the normal respiratory tract. It has been iso “ ^ 
in cases of sinusitis, and of various infections of the lungs. In the a c ^ 
has been grown from the blood of living patients. A specific' tonsillitis ias | ^ 
ascribed to it. Culturally, it is an obligatory anaerobe which grows lies ' ^ 
atmosphere 10 per cent of which has been replaced by- carbon dioxic e. 
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ylohin oi' one of its compounds >s tilinost essential in the media for its 
laboratory growth. 14 

From the age of the nhseess ns determined he tlie strnetnre of the uli.seess 
wall removed ut the initial operation, tlie eerehral infection occurred ul least six 
or eight weeks prior to tlie onset of symptoms. In the nlisenco of any other 
focus, it seems likely that the primary infection was in tlie throat. Infection 
of the hrnin could liuve followed the tonsillectomy on Aug. Id, 1940, either by 
the pnssage of an infected embolus from the site of operation through the 
arteriovenous shunt in the lung, or from a transient baeteriemia occurring 
during the operation. In the bitter ease, growth in tlie hrnin mnv have lieen 
permitted by lowered tissue resistance secondary to relative tissue anoxia. 
More likely, it occurred in a minute and clinically unrecognized urea of 
cneoplialonialueia, the result of thrombosis secondary to the polycythemia. Snell 
a site would reproduee to a great extent the optimum laboratory conditions 
for the culture of II. influenzae. 

It Is evident that hemangiomas may in ed'eel function as arteriovenous 
shunts of the lung, and in this capacity produce symptoms varying in degree 
from negligible .to disabling. Its complications, in tlie form of hemoptysis ami 
cerebral lesions, muy prove fatal. As tlie lesion and its effects are usually 
amenable to complete cure by'surgery, its correct diagnosis assumes particular 
importance. Diagnosis will depend primarily on the consideration of such a 
lesion by the clinician as a possible explanation of a patient’s presenting 
symptoms. It should lie considered in the differential diagnosis of all unex¬ 
plained eases oT cyanosis, clubbing of tiie lingers and imlycythemin; in all 
oases of unexplained hemoptysis; ami in all eases of indeterminate radiographic 
lung shadows. 

srusiAnv 

Pour eases of hemangioma of tlie lungs are re]>ortcd, ono of which was 
complicated by a brain aiiseess due to If. influenzae. Tlie pathology, symptoms, 

, an d complications of hemungiomu of the lung are discussed briefly, as is the 
Possihlo relationship of tlie pulmonary and cerebral lesions of tlio last ease. 
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THE USE OF OXIDIZED CELLULOSE IN PLEURAL SYMPHYSIS 

Jamies D. Murphy, M.D., Oteen, N. C., and John R. McDaniel, M.D.,* 

St. Joseph, Mo. 


O XIDIZED cellulose was first prepared by Yackel and Kenyon 1 in 1942. 

Its use as a hemostatic agent in surgery has been reported by Frantz 1 ' 3 
and others. 1-7 


During the past few months we have investigated the possibilities of using 
oxidized cellulose as a mild irritant inserted in the extrapleural space to produce 
local pleural symphysis preliminary to catheter drainage of large tuberculous 
tension cavities after the method of Monaldi, 3 or open drainage through a skin- 
lined fistula as described by Eloesscr. u The use of an extrapleural irritant is 
not new. Sarfert 10 as early as 1901 used an extrapleural gauze pack preliminary 
to draining a pulmonary cavity. In 1919, Bevan 11 suggested the use of gauze 
soaked in iodine or iodoform gauze placed extra pi eurally to secure symphysis 
of the pleura prior to drainage of lung abscesses. The extrapleural use of cotton 
gauze with or without the addition of another irritating substance to produce 
adherence between parietal and visceral pleura prior to drainage of a pulmonary 
cavity is a standard procedure. We chose an absorbable gauze because it would 
allow the irritant to be left in place for any length of time. Furthermore, 
Monaldi drainage could lie instituted by insertion of a catheter through a trocar 
cannula without the added procedure of incising the skin and muscle in older 
to remove a nonabsorbable pack. 

To date, oxidized cellulose has been employed in twelve cases. All of these 
patients had far-advanced, bilateral tuberculosis with large tension cavities, 
usually on one side. In eacli instance the absence of pleural symphysis was 
demonstrated preoperatively by needling the pleural space nearest the canty 
and obtaining the normal intrapleural pressure readings on a water mauometei 
and, in addition, by the injection of Jnpiodol into the pleural cavity in 
of the eases. In several instances previous fruitless attempts had been 11,8 1 
to secure pleural symphysis by the intrapleural injection of small amounts o 
the patient’s own blood. 

The point at which the cavity lay nearest to the surface of the chest "as 
determined by x-ray in various positions and with metal markers. This P 01 
was usually in the axilla on the involved side at the level of the second inte^ 
space. In one case an anterior and in another instance a posterior appi°< ^ 
was used. General inhalation anesthesia was employed in . all except one 
which was done under loeal procaine infiltration. The endothoraeie fascia ' 
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u p prime lied through the iiitercoxlul muscles uml I In* fascia si ripped from (he 
inner surfiicc of I lie mljncciil rihs mul intercostal muscle over on nren upproxi- 
imitely S em. square. One or lwo Oxycel® pause sponges were plaecil in t Ire 
spare so created. The muscle, xuheutaiicoux tissue, and skin were closed in 
layers over this pack. At periods ranging front ten to thirty-nine days after 
tile first operation, pleural fusion was ascertained !>y failure to demonstrate free 
pleural space at the operative site on repeated attempts at needle aspiration. 
In all hut one ease, to lie discussed hclow, satisfactory pleural symphysis had 
occurred. Subsequent to demonstration of pleural fusion in east's when; 
Monaldi drainage was planned, the cavity was located by aspirating with the 
needle attached to a water manometer. When the cavity was found, n catheter 
was inserted through a trocar cannula. In mast instances, the cavity was located 
with little difficulty. In no ease was there any evidence posloperativoly of 
pleural space contamination. 

In one case where a envernoxtomy through a skin-lined fistula hud been 
planned, the site uf the Oxycel pack was opened after ten days and the under¬ 
lying pleura incised. Although fusion of the two pleural layers had occurred, 
the urea of symphysis was not in the optimum location to insure adequate 
drainage of the underlying cavity. A second Oxycel pack was inserted and 
three weeks later the pulmonary cavity was opened through satisfactorily fused 
pleurnl layers. 

Minor complications occurred in two patients with severe, spreading pul¬ 
monary tuberculosis. In one, the Wound edges separated on the seventh jawt- 
opomtivc day and a hematoma was evacuated after which healing by secondary 
intention occurred. In the other patient, the wound became painful und in¬ 
durated hut did not break down, and by the twelfth postoperative day signs of 
inflammation hnd disappeared. In each instance, thirty days after the insertion 
of the Oxycel park, catheter drainage of the underlying cavity was successfully 
accomplished through the site of the original operation. 

In the enso in which the drainage was established through a skin-lined 
fistula, the inllammatory reaction in the area previously occupied by the 
absorbable gauze could he noted at first hand. At the end of ten days no 
remains of the gauze were seen, hut a moderate amount of serous fluid was 
present in tho space previously occupied by the Oxycel and there was marked 
inflammatory reaction in the subcutaneous tissue nnd surrounding muscle. The 
underlying parietal pleura was thickened nnd opaque. Microscopic examination 
of a section of this thickened pleura allowed dense fibrous tissue moderately 
heavily infiltrated with round ceils. 

SUMJIAltY ANU CONCLUSION 

A motliod of producing localized pleural symphysis prior to transpleural 
drainage of tuberculous pulmonary cavities Is presented. Results in a limited 
series of eases following the use of an extrapleural pack of absorbable gauze 
™emto indiento that satisfactory symphysis oecttis. 

= Trade name of oxidized celJtdrwe prepared by Pnrke, Davis * Company. 
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THE DIAGNOSIS AND OPERAI5ID1TY OF BltONCHIOHENIU 
CARCINOMA 

John H. Giuuox, Jit., M.D., Dons II. (’i.eiie, M.D., Petek A. Hemiut, M.D. (nv 
INVITATION), AND .loiI.V J. DkTuKHK, M.D. (KV INVITATION) 
PniL.UIEI.HIU, P.V. 

/'"’ARCINO-MA ol tin! stomuch whs responsible for more deaths during tiie 

year 1944 in the United States tlmu .•ureinoniu of any other organ. 13 Car¬ 
cinoma of the respiratory system was exceeded only by carcinoma of the stomach, 
of tho uterus, and of the breast us a euusc of death. 

The history of the surgical therapy of carcinoma of the stomach is more 
than twice as long as that of carcinoma of the lung. Tho five-year survival rate 
following operation is, nevertheless, very similar in tho two conditions. For the 
stomach it has been reported as 19 per cent by Lawrence,' 27 per cent by Cus¬ 
ter, 3 and 24 per cent by Walters. 11 For the lung, Ochsner and DeBnkey” report 
22 per cent five-year survivals und ItienhofT" 28 per cent. These figures still 
leavo room for improvement. Such improvement will probably be accomplished 
by more prompt und certain diagnosis, by tho exploration of some cases fonnorly 
considered inoperable, by a more radical operation, and by a reduction in tho 
postoperative mortality. These aspects will bo discussed in the light of experi¬ 
ence gained from a study of fifty-six consecutive cases of primary broncluogenie 
carcinoma, seen at the Jefferson Hospital during tiio past fourteen montlis 
(April, 1946, to May, 1947, inclusive). 

DIAGNOSIS 

FurLier diagnosis, and, consequently, earlier treatment, should improve the 
results of therapy of malignant disease. Early diagnosis is dependent upon 

From tho JolTomon Mcillc.il CuIIcko Honpltal or rliilojelpliiu. 

Read at tho Twenty-Seventh Annual lleotliiff of The American Association for Thoracic 
Hureery, St LouUj, Mo.. Slay 2S, 2). and 30, 1047. 

Because of un error thin paper wax omitted from the croup of papers presented ut tho 
symposium on cancer of tho Jung which were printed in tho preceding Issue of tho Journal. 
»$me of tho discussion, therefore, which concerns tills paper will bo round in tho Juno Issue 
°* the Journal. 
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education of the public in the recognition of premonitory symptoms and upon 
the education of the general practitioner who first sees the patient. Thus an 
analysis of the symptoms presented by groups of patients with cancer of the 
lung is of value. There were fifty male and sis female patients in our series. 
The youngest patient was 41 and the oldest was 75 years old. Twelve patients 
were in the fifth decade of life, eighteen in the sixth, twenty-one in the seventh 
decade, and five patients were over 70 years old. The symptoms first complained, 
of are illustrated in Pig. 1. Cough was the most frequent first symptom. This 
was also true in Lindskog’s series. 8 Often, however, the initial symptoms are 
due to occlusion of a bronchus by the tumor, with infection distal to the point 
of obstruction. The symptoms persist and the family doctor frequently makes 
a diagnosis of virus pneumonia. A diagnosis of virus pneumonia, or unresolved 
pneumonia, in males between the ages of 40 and 70 years should not be made 
without carefully excluding the possibility that a carcinoma of the lung may he 
responsible for the symptoms. The third most common initial symptom in our 
series was pain in the chest. This is often no more than mild discomfort but it 
is surprising how frequently a patient is able to localize the site of the primary 
lesion by a deep-seated pain in the chest. 



Fig. 1.—Graph of first symptoms. 

Pig. 2 is a graph of the frequency of all symptoms complained of. 
frequency is very similar to those reported in larger series of cases. 0 ’ 11 The cou 0 
was usually unproductive at first. By the time the diagnosis was establ Cl > 
80 per cent of the patients were bringing np some sputum. The amount 
torated, however, was usually very small. More than one-half the patients ^ 
hemoptysis. Weight loss and dyspnea were of equal frequency, and occur re 
one-half of our patients. Rienhoff observed weight loss in 40 per cent o ^ 
patients, while Oehsner and DeBakey noted a significant loss of weig '■ ^ 
per cent of their patients. It is a symptom which is present in pubnonary^^ 
cinoma more often than is generally realized. Unilateral wheeze is o col ^. on 
able diagnostic significance because it is almost invariably the result o •> ^ 

producing some degree of bronchial obstruction. Two of our patien s 




UIUIIOX, Jit., ET At,. : IlKO.VCHIOrtENiC C.IKCIX03IA 


421 


studied and treated lor many months for brouchiul usthma. Both these patients 
exhibited a unilateral wheeze which should have made the attending physician 
suspicions of a localized bronchial lesion. 

X-ray of tho chest showed some abnormality in all of Iteinhoff’s 327 cases. 
In Ochsuer and DeBaltoy’s series a diagnosis of carcinoma was made in SI per 
cent of their patients on the basis of the x-ray findings, and in every case there 
was some alteration of tho normal roentgenogrnphic appearance. However, there 
may be an occasional patient in which x-ray examination of the chest is com¬ 
pletely negative. We had the opportunity to observe one such patient. This 



Flp. 1 !.—Graph of frequency of symptoms. 


uian, 55 years of age, was referred to one of us (L. 11. C.) because of a persis¬ 
tent cough. X-ray of the eliest was negative (Fig. 3.) lie was bronchoscoped, 
and a growth was found extending into the left main bronchus. A biopsy was 
performed and squamous cell carcinoma found. As there were no physical 
signs or x-ray changes, wo wero completely dependent upon the bronchoscopic 
findings to determine which side of the chest to explore. The left side of the 
chest was opened. Nothing abnormal was noted in the lung except a slight 
thickening of tho structures in the hilum. A left pneumonectomy was per¬ 
formed almost entirely upon the basis of the bronchoscopic report. On section 
°f the lung a bronchogenic carcinoma was revealed which did not quite produce 
bronchial occlusion (Fig. 4). If the patient had not been operated upon, 
changes in the x-ray appearance of the lungs would have eertninly occurred 
soon, as a result of broncliial obstruction. 

The only way of making a positive diagnosis of bronebiogemc carcinoma 
prior to operation is by microscopic examination of a piece of the tumor. A 
portion of the tumor can be obtained by aspiration through a needle inserted 
through the chest wall into those growths which are peripherally located. There 
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have been two reported instances in which the tumor has been implanted into 
the chest wall at the site of the needle puncture. 9 This method of biopsy was 
not employed in any of our eases. The only other method of obtaining a portion 
of the tumor for microscopic study is by bronchoscope. All of our cases have 



Fig. 3.—X-ruy of the chest immediately preceding pneumonectomy in Case 0. No evidence ot 

lesion in left lung. 
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been bronehoscoped routinely. If tlio tumor cannot bo seen, other suggestive 
evicleuco of neoplasm may be observed, such ils narrowing, distortion, or fixution 
of the tmebeu or bronchus. 

Til 194G two of us (P. A. II. nnd 1,. II. (t.) described a method of diagnosing 
brouchiogenic earoiuoma by the cytologic study of broncboscopically removed 
secretions. 2 ’ *’ 3 This method is believed to be superior to the cytologic examina¬ 
tion of sputum. It Is particularly useful where the tumor is located in the upper 
lobe or in the periphery of the lung. Secretions are aspirated through u bron¬ 
choscope fronr the bronchus draining the region of the suspected tumor. The 
material thus obtained is smeared on glass slides and studied by the Papanico¬ 
laou technique. 10 In the past six months the technique has been improved. When 
secretion caunot be obtained from the bronchus 2 to 5 c.c. of salt solution are 
introduced into the bronchus and then aspirated. The salt solution is then 
examined by the same technique ns the bronchial secretions. One hundred 
eighteen consecutive cases of carcinoma of the huig have now been studied by 
tliis method (Table I). Neoplastic cells were found in approximately 90 per 
cent of these eases. In the same group a positive biopsy was obtained by the 
bronchoscope in approximately 45 per cent. Neoplastic cells were found in 43 
cases in which the bronehoseopie examination was completely negative. 

Taeilk L Bronouoscoi'Ic Dtaoxosih in US Casks op Carcinoma op the Luno 


NUMBER I PER CENT 


PontUvo biopsy 52 It 

Other suggestive bronchoscoptc evidence 23 20 

Neoplastic cells found 105 89 

Neoplastic celts found; bronchoscopy completely negative_ 1.1 30 


Table II represents the experience of the senior author with these diagnostic 
methods in thirty-one patients with carcinoma of the lung explored in the past 
fourteen months. In eighteen patients n positive diagnosis was made before 
operation by biopsy obtained through the bronchoscope. In fifteen of these 
eighteen pntionts the bronchial secretions were nlso examined nnd neoplnstio 
cells found in every’ instance. In nine patients in whom no biopsy could be 
obtained, neoplastic cells were found. lu these uino patients, almost n third 
of those explored, the study of the bronchial secretions resulted in positivo mor¬ 
phologic diagnosis prior to operation (Fig. 5). 


Table H. Bronciiohcol-io Diaonosis in 31 Patients Explored 









53 




29 




13 


EXPLORATION 

There will always be some patieuts itt whom a diagnosis of pulmonary car¬ 
cinoma cannot bo definitely established without exploration. This was true of 
four of our thirty-one patients (Table II). In two of these the lesion wns 
resectable and in the other two it proved to bo too far advanced for removal. All 
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four had peripheral lesions, two in the right upper lobe and one each in the 
right lower and left lower lobes. It cannot be too strongly emphasised that every 
effort should be made to obtain a positive diagnosis before operation. Without 
such a diagnosis it may be very difficult to determine by inspection or palpation 
at operation whether or not one is dealing with a malignant tumor. Further¬ 
more, biopsies obtained at the time of operation may fail to reveal tumor tissue, 
even though a malignant tumor is present. This was illustrated by one patient 
in our series. He had recovered from an attack of pneumonia, but a residual 
area of increased density in the left upper lobe could be seen on the roentgeno¬ 
grams. The patient had no symptoms. Bronchoscopie examination was entirely 
negative, but neoplastic cells were found in saline washings from the left 
upper lobe bronchus. At operation the medial half of the left upper lobe was firm 
to palpation. The firmness might well have been due to some chronic inflamma¬ 
tory process. Tq confirm the diagnosis a biopsy was taken from this area of the 
upper lobe. Only chronic inflammatory tissue was seen in the microscopic sec¬ 
tion. A pneumonectomy was performed and a carcinoma found on section of 
the upper lobe. The biopsy had evidently been taken from the inflammatory 
tissue around the periphery of the tumor. The finding of neoplastic cells in the 
salt solution washings was of considerable help in making the decision to per¬ 
form a pneumonectomy. 



.. 5.—Photomicrograph of a group of five cancer cells seen on a spear obtained from 

the salt solution washing of a bronchus. A biopsy could not be obtained. The pntie 
explored and a pneumonectomy performed. 


Where the diagnosis is certain we feel that exploration should he perform 6 
in all patients, unless there is unequivocal evidence of extension of the disease 
beyond the hemithorax in which the tumor lies, or unless a pleural effusion exis s 
which is bloody, or contains malignant cells. - This more radical approach | s 
becoming more generally accepted. 0 The older and more conservative atti u 
is to refuse operation to patients with any type of pleural effusion, those jw 
continuous pain referred to the shoulder or down the arm, or those with ^ 
ner’s syndrome, left recurrent laryngeal or phrenic nerve palsy. 11 A still 1110 
conservative view holds that a lesion is inoperable because of the x-ray a PP e ^ 
ance. s The really debatable issue, concerning whether or not exploration s ^ 
be done, lies in the group with nerve palsies. Certainly, involvement o 
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phrenic, recurrent laryngeal, or sympathetic nerves indicates an infiltrating 
growth which has extended beyond the confines of the lung. This does not 
mean, however, that the lesion cannot be removed by block dissection including 
the involved norvo. The phrenic nerve was resected in two of our patients, and 
the vagus nerve in one. Olio pneumonectomy was done in which there was a 
contralateral Horner’s syndrome, but no other evidence of involvement outside 
the hemithornx. This patient died five months after operation. lie had exten¬ 
sive metastasis to the right ilium and to the fifth cervical vertebra, which re¬ 
sulted in u pathologic fracture, cpiadriplogin, and death in twenty-four hours. 
Probably this patient should not have been operated upon. 

In thirty-seven of 21.1 carefully studied patients with recurrent laryngeal 
nerve paralysis, no demonstrable cause for the condition could be found. 11 lie- 
cause of this fact, we have uot felt justified in refusing exploration on account 
of such a paralysis of the vocal cords. Oclisner” performed a pneumonectomy on 
a patient with a palsy of the recurrent laryngeal nerve, and the putient survived 
operation three years. We have explored one patient with a recurrent laryngeal 
nerve paralysis, who proved to have on unrosectnble les on. 



Rig. a—Graph of additional umjctlons performed la conjunction with puoumuncctoniy. 

RESECTION' 

When the chest is opeued, the decision to perform u pneumonectomy must 
be based upon the same principles of cuneer surgery which obtain elsewhere. 
If all visible and palpable tissue involved by the growth eau be removed en 
masse, without leaving any evident malignant tissue behind, we believe that a 
radical pneumonectomy should be done. The procedure which we liuve found 
most effective in increasing resectability has been the intraporieavdial ligation 
of the pulmonary vessels, ns proposed by Allison. 1 In eleven of the twenty 
pneumonectomies performed in this series intrapericurdial ligation of the hilar 
vessels was performed. In ten of these patients it would have been impossible 
to remove the lung, by any other means. In the eleventh putient, because of 
the proxhnity of the growth, it was tcciuiically more feasible to perform intra- 
pericardial ligation. In four of the ten patients in whom intrapericurdial disec¬ 
tion was necessary, the growth was in the left main bronchus, in two it was in 
the left lower lohe, in three in the right lower lobe, and in one the right middle 
lobe. In none of the four patients in whom the growth was primarily in the 
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Table III. Incidence of Operability, Eesectability and Operative Mortality 

Beported in 1947 


! 

AUTHOR 

I 

YEARS 

COVERED 

i 

NUMBER 

CASES 

OBSERVED 

CASES EXPLORED 

CASES RESECTED 

OPEKATYE 

MOBm- 

1TY LX 

RESECTED 

CASES 

(7c) 

NUMBER 

PER CENT 

NUMBER 

PER CEXT 1 
OF 

EXPLORED j 

Oelisner and DeBakey 

10 

360 

210 

58 

129 

61 

20* * 

Rienhoff 

13 

? 

327 


112 

34 

21 f 

Jones 

4 

196 

66 

31 

39 

59 

5 

Gibbon et al. 

It 

56 

31 

55 

21 

68 

10 


•In last five years. 

iln last six and one-half years. 


upper lobe was intraperieardial dissection necessary. The usual indication was 
involvement of either the superior or inferior pulmonary vein by the growth, 
or invasion of the pericardium itself. Pig. 6 shows the other structures which 
required removal in order to resect the growth completely. In one of the pa¬ 
tients in whom the diaphragm was involved, almost half of this muscle had to be 
removed because of direct extension by growth. In every ease all visible and 
palpable mediastinal lymph nodes were removed. The nodes removed included 
not only those along the main bronchus of the involved lung, but also the tra¬ 
cheal nodes, and frequently the glands along the inferior margin of the contra¬ 
lateral bronchus. Removal of a portion. of the pericardium and ligation oi 
the pulmonary veins at their junction with the left auricle are simple procedure^ 
to cany out, and should increase the percentage of pneumonectomies in the 
patients explored (Table III). • 

POSTOPERATIVE MORTALITY 

The postoperative mortality in recently reported series is shown in Table 
III. This mortality has shown an encouraging decline in recent years. The 
lowest mortality has been reported by Jones, 0 who in an addendum to his article, 
states that he has performed fifty-two pneumonectomies for carcinoma of the 
lung with only two hospital deaths, an operative mortality of slightly under 
4 per cent. "We have performed twenty-one resections for primary pulmonary 
malignancy. Twenty of these resections were pneumonectomies and one vas J 
partial removal of the right lower lobe. The latter operation was for a cir 
cumscribed; encapsulated lesion which proved to be malignant on later micros¬ 
copic study. Two patients died in the hospital following operation. One dea 
occurred shortly after pneumonectomy from a tension pneumotlirax. An u u 
successful attempt was made to control this condition by suction throug 
catheter. The other patient died five weeks after pneumonectomy. Be {C 
veloped an empyema with a bronchopleural fistula, which required open drai 
age. This was the only empyema in our series. Open drainage was esta 
and the patient’s temperature was normal for two weeks prior to death, 
ever, the patient showed progressive weakness and loss of appetite. At aut °P^_ 
extensive metastasis to both adrenal glands was found. This undoubtedly ^ 
tributed to the fatal termination. There have been five late deaths from c 
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sion of the disease, from three to nine mouths after operation. Improvement 
in the care of the patient during and after operation will undoubtedly contribute 
to a furthor lowering of the mortality. 


CONCLUSIONS 

1. Examination of the secretions or saline washings from the bronchus 
suspected of being the site of a malignant growth will increase the percentage 
of correct diagnoses prior to operation. 

2. The contraindications to exploration arc unequivocal evidence of meta- 
stutic extension beyond the hemithorax which is the site of the tumor, or the 
presence of blood or tumor cells in a pleural effusion on the affected side. 

3. The limits of operability enn he extended in many instances by opening 
the pericardium and ligating the pulmonury veins flush with the left auricle. 
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THE TREATMENT OF INOPERABLE BRONCHIOGENIC CARCINOMA 

WITH METHYL-BIS 

Edward F. Skinner, M.D. (by invitation), Duane Carr, M.D., and 
William E. Denman, M.D. (by invitation) 

Memphis, Tenn. 

T HORACIC surgeons would be amoug the first to agree that surgery will 
never be the complete answer to the cancer problem. Even the combination 
of an alert medical group and an intensive educational program in the lay pub¬ 
lic will not diagnose all cancer early enough to be curable by surgery. Particu¬ 
larly is this true in bronchiogenic carcinoma. Early surgery in this form of 
cancer offers good hope for cure. However, the majority of patients seen are 
still in the far-advanced stage in which surgical cure is not possible. 

X-ray therapy in bronchiogenic carcinoma is chiefly palliative in its action. 
Recently, however, I have been privileged to see the rough draft of a paper 
from one of the well-known cancer research hospitals in this country. In this 
report they list over 400 patients treated by x-ray therapy for cancer of the 
bronchus. In this group they have several patients alive seven, eight, ten, and 
even thirteen years after the diagnosis was established and x-ray treatment in 
stituted. Such results following x-ray therapy are the exception -rathei than 
the rule. 

Because the group of patients with bronchiogenic carcinoma for which sur 
gery offers no hope of cure is so large, a search has been made for some dvu 0 
which would help in the treatment of these unfortunate patients. I would l’c 
to report our results with one of these drugs. We have only been working wi 1 
the drug for a period of one year, so this will be of necessity a preliminary re 
port and I am sure some of our conclusions will have to be modified latei. 

Methyl-bis (B-chloroethyl amine hydrochloride) is one of the nitrog 
mustard derivatives. During the war the Army Chemical Service experimen 
with over 300 such mustard gas compounds in its search for effective war g as ^ 
Methyl-bis is the first of these derivatives which has been released, foi 
spread investigational use. Its therapeutic efficiency is based upon its iem 
ably toxic action on rapidly growing cells. Thus its action is first upon ra P^ 
growing cancer cells and second upon the bone marrow. Other toxic 
have not been observed as yet in many patients. i o- to 

The aim of treatment, therefore, is to administer enough of the lU °^ e 
stop the growth of the carcinoma cells and yet not enough to depress tie ^ 
marrow too much. The drug is extremely toxic and only minute doses can ^ 
used. The margin of safety between the therapeutic dose and the toxic 
is very small, so that each patient must be followed very carefully. . 

Other drugs in this mustard group are under analysis and inves 'o ^ 
at the present time and we are hoping that one of these other diugs m . 
even more effective therapeutically and less toxic to the normal bod} ce 

Read at the Twenty-Seventh Annual Meeting: of The American Association 
Surgery, St. Louis, Mo., May 28, 20, and 30, 1947. 
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Methyl-bis Inis been used experimentally since 1942 in treating various 
types of cancer, chiefly of the Hodgkin’s disease and lymphatic group. It is 
only in the last year that much work has been done in bronchiogenie carcinoma. 
At the present time 126 different hospitals aud clinics in tho United Slates arc 
using Methyl-bis experimentally in various forms of cancer. However, only two 
series of cases of any size have been reported as yet using Methyl-bis in the 
treatment of cancer of tho bronchus. One of Ihesc groups was studied at Mem¬ 
orial Hospitul in Xew York, X. Y., and the other group by us in Mempliis, Tenn. 

Today I am presenting only our own eases for discussion, but in tho future 
the collected euses from all these institutions will bo gathered together in one 
paper and submitted to tho Journal of the American Medical Association for 
publication. 

Thus fur this work with Mothyl-bis hus been done under tho auspices of 
the National Research Council’s Committee on Growth, headed by Dr. Cornelius 
Rhoads at Memorial Hospitul in Xew York, and the drug must still be obtained 
through his office. However it is possible that in the near future the drug will 
be placed on the market. There is one grave danger in placing such a drug on 
the market. When cancer can be treated by shots such as Methyl-bis, there will 
be a temptation with some physicians to use the drug incorrectly. That is, to 
use it in cases which are suitable for surgical cure. Its nse in these cases would 
only spell disaster for the patients and delay surgery until cure is no longer 
possible. Therefore, when the drug is distributed for sale we believe tho aeeom- 
pauying literature should specifically state that the drug is not curative so far 
as wo know, that its effect is only temporary, and that surgery so far offers the 
only possibility of curing bronchiogenie enremoma. Its use should be specifi¬ 
cally recommended for eases which are not suitable for snrgieal cure, that is. 
patients with positive evidence of metastases or direct extension into the 
mediastinum. 

' I would like to express one of my conclusions nt this point uud then justify 
this conclusion. Methyl-bis is definitely helpful iu treating cases of inoperable 
bronchiogenie carcinoma aud it gives elinicnl improvement iu ubout 70 per cent 
of such cases for periods of time ranging from six weeks up to six months, after 
which time the drug must be ropeated. The most effective results are secured 
with the first course of treatment with tho drug. Subsequent courses of treat¬ 
ment do not give such noticeable clinical improvement mid eventually the drug 
becomes ineffective. 

Up to the present time a total of 500 patients iu the United States have 
been treated with Methyl-bis for various forms of cancer. Of this large group 
of 500 cases, only forty are reported on bronchiogenie carcinoma in enough de¬ 
tail to justify discussion, and of this forty I would like to present seventeen of 
onr proved cases. The drug is furnished five of charge by Merck aud Company 
at the present time with the stipulation thut all cases must be reported iu detail 
to the Committee on Growth of the National Research Council. Because of the 
extreme care used so far in administering the drug, no sorious toxic manifes¬ 
tations have occurred. When these eases are followed with serial x-rays, it is 
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often observed that the tumor becomes stationary for a time and then slowly 
resumes its growth. It is rare indeed to note any diminution in the size of the 
tumor following Methyl-bis, but a few such cases have occurred. The drug was 
tried in all the various histologic classifications of carcinoma of the lung and 
there did not appear to be much difference in response among the various types 
of carcinoma of the bronchus. A few such cases which showed little or no im¬ 
provement after x-ray therapy were definitely benefited by Methyl-bis. The 
earlier cases in our series were treated by Methyl-bis alone. Later, laboratory 
work suggested that a combination of Methyl-bis followed by 7 x-ray therapy 
might be more effective than the Methyl-bis alone. For this reason, the later 
patients in our series were treated by a combination of Methyl-bis aud x-ray 
therapy. As you can see in our figures, however, this laboratory’- suggestion was 
not borne out by clinical data. That is, the patients receiving Methyl-bis alone 
did as well as those receiving the combination of Methyl-bis and x-ray therapy. 
.' As a matter of fact, weight gaiu was noticed more in the group receiving 
Methyl-bis alone than iu those receiving x-ray therapy and Methyl-bis together. 
Just as arsenic aud bismuth combined appear to be more effective iu the treat¬ 
ment of syphilis than either drug alone, so it was reasoned that the combination 
of x-ray therapy and Methyl-bis would prove more effective than either alone 
iu bronchiogenie carcinoma. This still may be the case, but our early results 
do not bear tliis out. It is entirely' possible that in our own series we have been 
using inadequate amounts of Methyl-bis. However, we felt that for a year it 
\would he advisable to adhere to one dosage schedule. Next y r ear we plan t° in ' 
crease the dosage and see the difference in therapeutic results. 

At Memorial Hospital they have noticed no difference in results so far m 
those receiving the standard dose of Methyl-bis as compared with patients receiv¬ 
ing double this dose. When the dose is doubled severe bleeding tendencies 
may occasionally occur. Methyl-bis causes considerable relief of pain in the 
majority of these patients, but when the pain is severe, x-ray r tlierapy r seems to 
be more effective than the Methyl-bis iu relieving the pain. It is possible that 
the Metliyl-bis, or the combination of Methyl-bis plus x-ray therapy causes a 
definite prolongation of life in these patients. However, the study is too recent 
to justify 7 such a conclusion as y 7 et. The early results point in this direction. 

We do feel that the majority 7 of the patients so treated gain in weight and 
strength and are able to continue working until nearly 7 the terminal stage o 
the disease. The end usually 7 comes rather rapidly and it has been A 7 erv encour 
aging to us to note that only- rarely 7 are narcotics required in the patients tiea e 
with Methyl-bis. 

Our policy 7 during the coming year will be to administer as much Methyl- 
bis as the bone marrow will tolerate, as judged by repeated serial blood counts, 
and to administer as much x-ray dosage as the skin will tolerate. 

Following the Methyl-bis injections, over half of the patients exhibit vary 
ing degrees of nausea, vomiting, and anorexia which occur a few hours after a- 
administration of the drug and may 7 continue for twenty-four hours. How eve), 
this nausea and vomiting are transient and stop when the drug is stopped. 
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The drug has several ml vantages over x-ray tlicrupy. It euu be produced 
fairly cheaply and can either lie administered as an office procedure or the pa¬ 
tient may be hospitalized for a period of four or live days during its administra¬ 
tion. It euu be used in eases with such widespread metastases that x-ray 
therapy is of little use. The nausea and vomiting associated with Methyl-bis 
are usually of shorter duration than the same symptoms following x-ray therapy. 
Wo have found that the use of 100 mg. of pvridoxiiic hydrochloride hypo¬ 
dermically will reduce the incidence of nausea and vomiting. The pyridoxine 
is usually administered early in the morning' and the .Methyl-bis is given later 
iu the duy. 

The results obtained in treating Hodgkin’s disease and the lymphatic car¬ 
cinomas with Methyl-bis are much more dramatic than the results obtained 
in treating bronehiogenie carcinoma. Our own method of administering tho 
drug thus far has been as follows: 

MKTIIVI.-IUS TREATil EXT ROUTINE 

A well-balanced diet with a wide variety of foods, which should include 
oue quurt of milk duily uml one generous serving of meat fish, or eggs with 
each meal. Amino acids orally are prescribed if indicated. Ono multiple vita¬ 
min capsule is given twice a day and one ferrous sulfate tablet after each 
meal and at bedtime. Smoking is prohibited. Jinny of these putients hnvo an 
associated bronchiectasis due to the carcinoma and the symptoms of the bronchi¬ 
ectasis are usually helped when the smoking is stopped. A postural drainage 
routine is helpful in such cases. Aspirin will usually suffice for discomfort or 
actual pain in most eases. Daily sun baths are advised when the weather per¬ 
mits to keep the patient busy and also for the mild tonic effect. Incidentally, 
the sun butlis seem to he it morale builder as well. Modcrato exercise aud recrea¬ 
tion are helpful but the patient is advised to avoid overfatigue. lie may work 
if lie feels able, 

A follow-up history, physical examination, complete blood count, and either 
fluoroscopic or x-ray examination of the chest is taken every' two weeks. Blood 
transfusions are used if indicated, ns the Methyl-bis is quite toxic to tho hone 
marrow. However, using the dosage recommended, blood transfusions aro only 
necessary in 10 to 20 per cent of the patients (rented. 

ADMINISTRATION Ok’ 11ES , UVI/-BIS 

The drug is supplied in 10 mg. vials as a dry powder. The pulient is hos¬ 
pitalized for five days and is given 0.1 mg. of Methyl-bis per kilogram of body 
weight intravenously once duily for Tour days. This course of treatment enu 
he repeated every- two or three mouths or more often if necessary. The drag 
must he used immediately after it is made up in solution. Tell cubic centimeters 
of sterile suline are injected into the 10 mg. vial of Methyl-bis and the appropri¬ 
ate amount of drug is withdrawn and injected. The vial is then discarded. Im¬ 
mediately following tho Methyl-bis injection the needle is left in place and 
anothor syringe containing 10 e.e. of sterilo saline is then injected through tho 
samo needle in uu attempt to prevent thrombosis in the vein. 
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A still better method of administration is to start 1,000 c.c. of sterile saline 
going' intravenously and then inject the appropriate dose of Methyl-bis into the 
tubing with a No. 22 gauge needle. 

Lately we have treated some patients by giving one dose of the Methyl-bis 
every two weeks, and apparently have obtained similar results as with the fore¬ 
going method. By giving the drug once every two weeks it can be given in the 
office without hospitalizing the patient. Larger doses than the above amount 
can be given but are more hazardous. 

The action of the Methyl-bis on the cancer cells and on the bone marrow 
is in many ways similar to the action of x-rays. In the experimental animal 
and in human beings as well, larger doses result in a lymphopenia, a granulo¬ 
cytopenia, a thrombocytopenia, and a moderate anemia. These effects are 
directly porportional to the dosage of Methyl-bis given. Disappearance of 
mitotic activity is noted in both the bone marrow and in the cancer cells follow¬ 
ing the injection of Methyl-bis. Continued large doses of Methyl-bis cause a 
complete depletion of the bone marrow and eventual aplasia- Experimentally, 
it can be demonstrated that the Methyl-bis acts directly on the structure of the 
chromosomes and this abnormality in the chromosomes can be transmitted from 
ovum to ovum for several successive generations. So far as we know now the 
therapeutic efficiency of the nitrogen mustards is no greater than that of x-ray 
therapy. 

RESULTS 

In all Ave have now treated thirty-one cancer patients Avith Methyl-bis. 
Twenty-five of these patients had bronchiogenic carcinoma. Of these, three were 
adenocarcinoma, five were squamous cell carcinoma and seventeen Avere undif¬ 
ferentiated cell carcinoma. 

Although Ave have thus far treated tAventy-five eases of bronchoigenic car-, 
cinoma Avitli Methyl-bis, Ave are only reporting in detail seventeen of these cases 
in this report as only these seA r enteen liaA-e a definite pathologic report and 
follow-up study sufficiently complete to be of statistical interest. 

In addition to these twenty-fvve bronchiogenic carcinoma patients, we have 
treated one patient each Avith carcinoma of the cervix, carcinoma of the esopha¬ 
gus, carcinoma of the ovary, adenocarcinoma of the testis, carcinoma of the 
nasopharynx, and melanosarcoma. Most of the patients in the above miscella¬ 
neous group had multiple pulmonary metastases, which is the reason they came 
to our attention. 

Five of the six patients listed aboA r e A\dth miscellaneous carcinoma elseAvhere 
in the body received definite clinical improA'ement following the Methyl-bis ad¬ 
ministration, but again the improvement was only temporary and in a period 
of a very few weeks or months the tumors again showed signs of growth and 
further metastases then occurred. One rather striking case Avas that of < m 
elderly man with two large tumors on the anterior chest wall, one on either 
side. The one on the right was completely excised surgically including the i > 3 
and parietal pleura involved. The pathologic diagnosis Avas a lymphosarcoma. 
As an enlarging tumor was then apparent in the abdomen further surgery 
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seemed useless, Mcthyl-bis was given uiul three dnys later the tumor on the 
left chest had eoihpletcly disappeared. This tumor was approximately the size 
of half an apple. 

Metbyl-bis ia a useful drug, but so far ns we know is not curative. One 
indirect benefit front the drug is that these patients are observed more carefully 
and symptoms con bo trented as they arise. This in itself helps in raising the 
morale of tlieso patients who were formerly told to go homo and that nothing else 
could bo done for them. Another advantage of the Mcthyl-bis is that it is a 
powerful expectorant, and this action usually results in making the patient’s 
breathing easier and in decreasing his wheezing. Some of these pntients even 
spit up bits of the tumor during the administration of tho Mothyl-bis. Natu¬ 
rally, mortality statistics in this group of cases are not encouraging. If our 
diagnosis is correct, our eventual mortality will he 100 per cent. 

REWtESFXTATIVE CASES 

I would like now to present brief histories on four representative patients 
who were treated early in our series with Mcthyl-bis alone and who showed 
definite clinical improvement following the use of the drug. 

Case 1.—Mrs. B. F., aged 08, housouiJV, lind a 6qurmioua cell carcinoma In the bronchus 
with motastascs to both plourol space* and to the seventh left rib. She had noticed palpl- 
tntion for several yoars and. during tho past few weeks had noticed dyspnea, slight cough, 
and left chost pain. The, hemothorax on the left was aspirated on numerons occasions and 
large amounts of bloody fluid woro obtained. Tbe fluid, when contri/ugod, revealed cells 
suspiciously like cancer colls but tho pathologist was unwilliug to make a definite diagnosis 
on these few colls. 

On Aug. 24, 1040, the sevonth left rib was removed and pathologic examination 
showed doflnito squamouB cell carcinoma. She was given 5.S mg. of Methyl-bis intra¬ 
venously on August 28, 29, 30, and 31 and she noticed repeated vomiting each time for one 
day following tho injections. Two months lator she was doing housework and felt well. 
Hor breathing was comfortable, she lmd no fovor, and she had gained five pounds in 
weight Two wcoks later she hnd gained nnothor threo pounds and hor strength was im¬ 
proving. 

On Nov. 11, 1940, 300 c.c. of clear amber fluid wore aspirated from tho loft chest and 
rineo that time no more fluid hns been present in the loft chest. Several taps siace then 
have yielded no fluid. 

She was given a second eoureo of 0.5 mg. of Mothyl-bis on Dec. 7, 8, 9, and 10, 1940. 
Pyridoxino was administered this time and hor vomiting was a little less than with the 
first coarse. The patient was in much hotter condition now tbnn she was threo months 
previously. 

In January her general condition was still excellent and she was doing her house¬ 
work but taking occasional aspirin for pain. 

In March, 1047, she was given her third course of Mothyl-bis. She received 0.5 mg. 
on Feb. 17, 19, 24 and March 10 and 20, 1047. At that time she weighed fourteen pounds 
more than she did when originally seen and aho was still doing her own housework. No 
oareoUeji are required. She is still alive. 

Case 2.—Mr. D. F., aged 38, hud pneumonia live times since childhood. The past twelve 
years ho had been, treated elsewhere for asthma. Ho had had a coagh for several years and 
blood-streaked sputum intermittently tho pnst fow years with two severe bemoptyses, and he 
laid also noticed shortness of breath daring this time. During the past three years he had 
two typical attacks of coronary thrombosis. Tho past fow months he had not worked. 
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In July, 1916, an x-ray showed a tumor in his chest. Indirect laryngoscopy revealed 
complete paralysis of the left vocal cord. Bronchoscopy that same month showed a tumor in 
the left upper lobe bronchus and in the left main bronchus. A biopsy of this tumor showed 
a squamous cell carcinoma of the bronchus, poorly differentiated. A ray fungus was also 
found in the bronclioscopie sputum, but this was not definitely identified as actinomycosis. 

He was given 9 mg. of Methyl-bis intravenously’ on July 24, 25, 26, and 27, 1940. During 
the ad mini stration of the drug he raised much sputum and also coughed up bits of the tumor. 
He vomited a few times. Two months later lie had gained ten pounds in weight and his 
sputum was decreasing and now clear. He was able to work half a day, managing a coal 
yard. There was no change in the size of the tumor during those two months. Three weeks 
previously he had a mild cerebral apoplexy but recovered with a slight residual weakness in 
the left arm and left leg. 

A second course of Methyl-bis was given, 9.5 mg. being administered on Nov. 18, 19, 
21, and 22, 1946. An x-ray at this time suggested that the tumor had shelled out a large 
central cavity 7 cm. in diameter. 

In January, 1947, he weighed twenty pounds more than he did before Methyl-bis was 
started, and was working full time. He occasionally noticed blood streaking. In February 
he had constant dyspnea and had an hemoptysis of two or three ounces. 

On March 11, 1947, his physical condition appeared surprisingly good considering the 
size of his tumor, and he was given another 9.6 mg. of Methyl-bis intravenously. 

Ou April 21, 1947, he was admitted to the hospital with uremia. A few days later he 
fell out of bed and broke his Mp and died quietly three days after this. No autopsy was 
permitted. His x-ray showed little change in the size of the chest tumor. 

We believe that Methyl-bis probably’ prolonged his life and made him more comfortable. 
He was given an occasional Dilaudid tablet for his hemoptysis, but little medication was 
required for pain. 


Case 3. —Mr. H. B., aged 54, stated he had pneumonia several years ago, followed by 
flu. He had felt poorly since January, 1946; that is, he was weak, nervous, noticed easy 
fatigue, and had a moderate weight loss. He was put on an ulcer diet because of his stomach 
complaints. During the past several years he occasionally noticed blood-streaked sputum and 
some shortness of breath, with moderate cough and sputum. 

X-ray in July, 1940, revealed a tumor in the right upper lobe with some increase m 
atelectasis, and lie had several hemoptyses. A gastrointestinal series showed no pathology- 
Bronchoscopy was performed on three separate occasions and each time involvement o 
the lower trachea, right upper lobe bronchus, and carina by an ulcerating lesion was sec n - 
The first two bronchoscopic biopsies were indeterminate and sputum examinations were nega ne 
for acid-fast bacilli. We felt that if this were a carcinoma it was inoperable because 
involvement of approximately one inch of the trachea. Hoping that it was a pulmonary 
tuberculosis, a right phrenic crusliing was done on March 14, 1946. ^ 

The last bronchoscopy on July 17, 1946, enabled us to make a definite diagnosis, as e 
biopsy at that time revealed an undifferentiated bronchiogenic carcinoma. In addition, o 
sputum showed Monilia. 

He received 6.9 mg. of Methyl-bis intravenously ou July 22, 23, 24, and 25, 19^6* 
vomited once or twice. Pour months later he felt better and stronger' and had gained seve^ 
pounds in weight. No further hemoptyses had occurred. He was given three transfusions 
a secondary anemia. A month later he noticed some weakness of his voice and m ir 
laryngoscopy revealed complete paralysis of the right vocal cord. ^ 

X-ray at this time showed some regression of the atelectasis and the tumor »PP e 
smaller. In October, 1940, be received three more transfusions for his secondary anemia, 
was constantly hoarse and wheezing and had some dyspnea on exertion, but he was am 
and gaining weight. He now weighed fourteen pounds more than lie did before Me y 


therapy. 

On Nov. 12, 1946, his voice was almost normal at times, he had g 
pounds, and an x-ray of his chest showed a central softening of the tumor. 


nined three more 
A second e ourse 
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of Methybbia was Riven, Ho received 7.2 mg. on Nov. 21, 22, 23, runl 24, 1010, with pyridoxiuo 
earlier onch day. Ench time there wns much leas vomiting tlmn with the first zones. 

In January, 1017, ho Ih'rhii n rapid downhill rourw. JTo found it difficult to swallow, 
wo* short of breath, and lost live pounds in weight. Enlarged lymph nodes appeared about 
tbo right clavicle nnd n small right pleural effusion ninth* its uppennince. lie died in February, 
1947, with complete paralysis of both voonl cords. A tnicheotomy had l>een i>orfonuct], but 
this guvo Hltlo relief. A bronchoscopy had Iknmi performed through the trncheotoiny opening 
in an attempt to remove enough of the tumor from the left bronchus to give him nn airway. 
Bleeding occurred and the patient asphyxiated soon after the bronchoscopy. 

Autopsy was performed and n tumor was found at tlio mrina, lo cm. in diameter which 
extended up the trttchea almost to the trocht'otoniy opening. This tumor completely occluded 
the right bronchus. There was extreme enlargement of tho tracheobronchial lymph nodes and 
one metastatic nodulo in the left adreanl gland. Then* was cvideuco of recent hemorrhage 
into tho left bronchus. 

This patient was relatively comfortable and gained iu weight until ono month I>efore 
his death and only occasional codeine wns required for discomfort. 

Case 4. —Mrs. E. M. 1),, 50 years old, had noticed a rough for tho jrnst nlno years since 
a “strop throat” at that time. Tbo cough was nonproductive, but worse tho past year. There 
had been constant intractable pain in the right arm more recently. 

In July, 1040, sho noticed several kornnla over her Ixxiy and at our first examination wo 
mut six of these nodules proeut. fthe lmd a low-grade fever ami fluoroscopy revealed paralysis 
of tho right diaphragm. 

X-ray of tho client showed n lemon-sized tumor in tlio right jmraniedinstinnl region and 
excision of one of the nodes on her sculp revealed evidence of a motostalio brondiiogenio 
carcinoma. 

Five milligrams of Methyl-Ids was given intravenously Hept. 6, 7, 8, and 9, 1940. Sho 
vomited sovoral times after each dose. The following months she gained a little weight. 
Her dyspnea wns less nnd hor wheozing disappeared. Tho jwin was not as sovore. 

X-ray showed no growth in the hronchiogeuie carcinoma aud the metastatic nodes 
remained tho samo size. Radium needles were inserted in a motnstntic nodulo on the tongue 
and caused almost complete disappearance of this nodule. She was ambulatory. 

Another courso of Mclhyl-bis wus given Nov. 4, 0, 7, and 9, 1040. At each injection she 
received 4.8 mg. of tho drug with much vomiting after ench doso. Sho is still alive and 
ambulatory part of tho tirno anil requires no narcotics. 

In January, 1947, she bad lost fifteen pounds sinco tlio original examination. Sho had 
a temperature of 90.4* F. in the afternoon, and she was up sevornl hours n day but was 
weaker. The nodules over her body were larger. She required no opiates but took aspirin 
occasionally for pain and used a heat lamp. 


Tabi.e I. Seven Patients Stiix Auve 


METHYL-BIS ALONE 
- (2 EARLIER CASES) 

METIIYL-BIB PLUS I-BAY THERAPY 
(5 LATER CASES) 

TYPE 

CARCINOMA 

TIME ■ 
SINGE 
BIOPSY 
DIAGNOSIS 

TIME 
SINCE 
ONSET OP 

symptoms 

1 

TYPE 

CARCINOMA 

time 

since 

BIOPSY 

DIAGNOSIS 

TIME 
SINCE 
ONSET OP 
SYMPTOMS 

l squamous cell 



1 squamous cell 

7 tuo. 


carcinoma 



carcinoma 



(doing housework) 

9 mo. 

12 mo. 

(working) 






3 undifferentiated type 

5 mo. 


1 undifferentiated typo 



carcinoma 



carcinoma 



working 



(doing housework) 

10 mo. 

20 mo. 

Doing housework 

3 yr. 

3Vj yr. 




• Ambulatory 

3 mo. 

0 mo. 




1 adenocarcinoma 






(doing housework) 

5 mo. 

17 mo. 
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Table n. Tex Patients Who Have Expired 


METHYL-BIS alone 
(5 EARLIER OASES) 

METHYL-BIS PLUS X-SAY THERAPY 
(5 LATER CASES) 


time 

time j 


time 

TIME 


SINCE 

SINCE 


SINCE 

SINCE 

TYPE 

BIOPSY 

ONSET OF | 

TYPE 

BIOPSY 

ONSET or 

CARCINOMA 

DIAGNOSIS 

SYMPTOMS 

CARCINOMA 

DIAGNOSIS 

SYMPTOMS 

2 squamous cell 

9 mo. 

12 yr. 

1 squamous cell 

7 mo. 

S DIO. 

carcinoma patients 

5 mo.* 

2 Vi yr. 

carcinoma patient 



3 undifferentiated type 

7 mo. 

13 mo. 

4 undifferentiated type 

9 mo. 

2 yr. 

carcinoma patients 

7 mo. 

2 yr. 

carcinoma patients 

4 mo. 

10 mo. 


5 wk.t 

2 mo. 


4‘ mo. 

7 mo. 


_._ 4 mo. _ (1 mo. 

•Terminal coronary attack. 

tDied five weeks after exploratory thoracotomy, with complicating hemothorax. 


Table IIL Clinical Improvement (Temporary) 


METHYL-BIS ALONE 
(7 CASES) 


1 METHYL-BIS PLUS X-RAY THERAPV 
(10 CASES) 

Weight gain 

70% 

40% 

(4,10,14,14 
and 2 Off) 

(liighest gain 7jf) 

Decrease or cessation of liemoptyses 

42% 

. 10% 

Cessation of hemothorax 

14% 

10% 

Clearing of atelectasis 

Disappearance of congestive heart failure 

2S% 

10% 

(only 1 pt. had this) 

Subsidence of pleural effusion 


10% 

(only 1 pt. had this) 


10% 

Decrease in cough, sputum, wheeze, 



and dyspnea 

70% 

60% 

Decrease in sepsis (chills, fever, etc.) 

70% 

40% 

Increase in strength and ambulation 

70% 

90% 

Decrease in pain 

70% 

70% 

(only 1 required morphine terminally) 


(only 2 required morphine 
terminally) 


CONCLUSIONS 


We believe that the proper treatment of bronchiogenic carcinoma at the 
present time is pneumonectomy if at all feasible. If surgery is not warranted 
because of extension of the carcinoma into the mediastinum or of the presence 
of distant metastases, then we believe a combination of Methyl-bis injections pl us 
x-ray therapy offers the best aid to the patients. Methyl-bis is a useful drug, 
but it is extremely toxic and it must be administered with care. Studies must 
be repeatedly made on the patient’s blood to follow the state of the hone mar¬ 
row. When the drug is placed on the market for sale we strongly advise 
the literature accompanying the drug state explicitly that surgery is still e 
only curative therapy in bronchiogenic carcinoma and that Methyl-bis snou 
be reserved for cases not suitable for surgical attack: 


We would like to express our sincere tlianks at tliis time for the wholehearted cooper 3 
and advice given us by Dr. Cornelius P. Rhoads and Dr. David Ivamofsky of - 
Hospital in Hew York City. 
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DISCUSSION 

DR. MICHAEL E. DkBAKEV, Now Orleans, La-—My experience with this method of 
therapy is so limited that I should prefer to direct comments not toward the method hut 
toward the general problem which it raises; that is, accurate and critical evaluation of any 
form of tliorapy. "Wo all tend to be optimistic about any new method. Perlinps this is 
basically desirable. I know from my own experience how easy it is to becomo enthusiastic 
aljout any new form of therapy which in the early pliascs of its application seems to lead to 
clinical improvement. It is particularly easy to liocomo enthusiastic when you are yourself 
Interested. 

1 would not wish my remarks to l>e coustrued as critical of tho evaluation which the 
essayist has made of Die results of this form of therapy. Ho 1ms properly emphasized tho 
fact tlmt it is not curative, that it has been UWM only in hopelossly inoperable coses, and that 
clinical improvement is about all that it seems to provide. It is important to remember, how¬ 
ever, that clinical improvement is on the whole a vnrinblo and unreliable criterion to employ 
in tho evaluation of any now form of therapy, especially if the agent is administered par- 
entcrully. Too many other factors, alono or in combination, may bring about similarly good 
results. The interest shown by tho physician in tho pationt, the patient's own. strong desire 
to recover, whleh id particularly ovident in incurable disease, and dietary and supportive 
measures all play a role, and tho specific agent employed must be assessed against them by 
tho careful use of controls. 

History is full of classic examples of how easy it is to be misled in theao circumstances. 
About ten years ago, for instance, injectable agents becomo widely popular In the treatment 
of peptic ulcer. Numerous reports were published indicating good results from them. Wo 
also linil excellent results from thorn, but unfortunately wo had equnlly good results in the 
control series in which tho injections consistod only of sterilo wutor. 

DR. CHESTER MOEN, Chicago, Hi.—This is a briof rdsumfi of ten patients with 
proved carcinoma of tho lung who have been treated with nitrogen mustard this year at 
Wesley Momorial Hospital. 

It so liappens that tho first fivo patients appearing on this slide had squamous cell car¬ 
cinoma and showed no response while the last five had undifferentiated carcinoma and showed 
Borne response. 

Among those that showed res porno to Methyl-bis, there was one case wliich was par¬ 
ticularly dramatic. This patient had a complete atelectasis of the left lung, a fixed vocal 
cord, a lot of pain and cough, and a soptio typo of fever. Three days after the administration 
of this drug, the fover wont away and remained normaL Six weeks later the pain had dis¬ 
appeared and the patient had gained ten pounds in weight However, after two months the 
pain recurred and in spite of repeated injections of the nitrogen mustard, he has not Improved. 

Two other patients had largo metastatic masses at tho base of their neck. Ten days 
after tho administration of this drug, the masses were definitely sm a l ler and softer; the cir¬ 
cumference at the base of tho neck measured as much as two inches leas. Tlua regression 
continued for about a month. However, after five woeks it was noted that the tumor was 
progressing. Biopsies were taken before and after tho administration of tho nitrogen mustard 
hut we wore not able to detect any change in the anaplastic picture. In none of these cases 
was tliere any change on the chest x-ray. 

In view of this early but brief response,- one is led to suspect that the l>eneflt derived 
from nitrogen mustard may, perhaps, bo duo to its offect upon tho surrounding inflammatory 
tissue rather than upon the tumor tlssuo itself. Wo have had no bad effects from giving this 
drag; however, it is advisable to wait a week or two after thoracotomy before giving it, 
because of the brief but sometimes severe leucopenia which follows. 
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DK. FREDERICK R. HARPER; Denver, Colo.—I would merely like to add ten cases 
to tlie series. 

I visited Dr. Skinner and Dr. Carr in Memphis in December. At that time they sug¬ 
gested this method of treating inoperable carcinomas of the lung.. I obtained enough to heat 
ten patients, and I will just report the results in the ten I treated. 

They were all inoperable carcinomas, proved either by biopsies of cervical lymph nodes 
or thoracotomy. Three of tire patients are dead. In one of these, autopsy showed some 
necrosis of the liver which might have resulted from the toxic effects of the drug. 

Seven patients are still alive. Two have obvious metastasis still present. In one of the 
cases in which there was lymph node involvement from which a biopsy was obtained, after 
treatment the lymph nodes disappeared, although the tumor in the lung is still present. 

There were two eases in which there was a rather unusual phenomenon. These patients 
coughed up large plugs. Examination of these plugs by a pathologist showed them to consist 
of necrotic tumor tissue. In one case there was a rather striking clearing of the atelectasis 
after administration of the drug. 

In all of the cases it seemed as though the cough had lessened, the pain was less severe, 
and the patient was clinically improved. 

The main recommendation I could make for the drug is the fact that the patients felt 
symptomatically and psychologically better in that sometliing was being done for them when 
they had an inoperable carcinoma. 

DR. EDWARD E. AVERY, Hines, Ill.—I would like to report another nine cases, at 
Hines Hospital. We have had the drug for only three months. 

Six of the patients had definite beneficial results in the relief of dyspnea and cough, 
and gain of weight. Four of the patients were on riiorphine every three hours. Following 
treatment, two of the patients needed no medication and the other two took one hypo for 
sleep at night. 

There were two dramatic results. One patient was in complete anuria; he was given a 
course of Metliyl-bis and started to urinate—why, we' do not know. Another patient had 
superior vena cava obstruction with largely dilated neck veins and had extreme pain. Follow¬ 
ing a course of Metliyl-bis, signs of his obstruction disappeared; and he was relieved of pain. 

The drug has definite dramatic appeal to the patients, and the psychogenic point shoold 
be re-emphasized. Already a whispering campaign is starting, and the patients are asking 
for this “new, poison gas treatment.” 

DR. OSLER ABBOTT, Atlanta, Ga.—I would just like to mention five cases in which 
we have used this drug, because it emphasizes Dr. DeBakey’s remarks to such an extreme 
degree. 

Y e purposely made a point of not giving any additional psychotherapy with the dru D . 
We saw absolutely no beneficial effects from the period of its use. In one patient a severe 
lymphopenia occurred, and lasted for several weeks. - This patient became nauseated nnier 
treatment and continued to have tills severe complaint until the time of death, approxim.i e 
ten weeks later. 

We have come to the feeling in this very small group that we would rather confine tli 
use of the drug to the Hodgkin’s cases until we have a larger supply: 

DR. EDWARD F. SKINNER, Memphis, Term.—I would like to thank the discussant-, 
especially Dr. DeBakey. His comments are most pertinent. 

It is a new drug. We are not trying to detail it here. -We just thought our repor 
were interesting enough to warrant further discussion. 



NONMALIGNANT IXTRATIIORACIC LESIONS SIMULATING 
BRONG'llIOOENIC CARCINOMA - ■ 

Redout ok 30 Qfkkatkd Cases 

Lyman" A. Bhkwkii, III, M.D.. Wjlkiikd 31. C. Jones, 31. D. (by invitation), 
and Frank R. Doij.f.v, ill). 

Los Anuklks. Calif. 

INTItOIH 'KTION 

T HE increasing number of cures that are being effected by total removal of 
primary bronebiogenic eareinoma places a great obligation upon tho phy¬ 
sician to establish tho diagnosis early enough to permit complete excision of the 
tumor. In those cases in which the mulignaney is visible with the bronchoscope, 
tho diagnosis enn be made with certainty by obtaining a biopsy under direct 
vision. However, when eareinoma of the lung arises in a branch bronchus which 
cannot be seen at bronchoscopy, the early diagnosis may be extremely difficult. 
Too often, the physician permits an operable "peripheral” primary bronehio- 
gcuic carcinoma to become inoperable by waiting until tho diagnosis is definitely 
established before referring the ease to the surgeon. Too often the surgeon 
hesitates to perform pulmonary resection for fear of doing an "unnecessary” 
operation. Therefore, this study of peripheral pulmonary lesions simulating 
bronchiogcnie eareinoma has been undertaken in order to evaluate tho eventual¬ 
ities should tho pulmonary condition be proved nonmulignant at operation. Tltis 
report represents a renew of thirty operated eases in which, although carcinoma 
of tho lung was suspected, various benign lesions were found. 

l'RKSKNTATTON OK TIIE CLINICAL FKOIILKM 
In primary bronchiogcnie carcinoma, the complexity ol tho clinical problem 
is directly dependent upon the percentage of east's in which a positive diagnosis 
cannot be tnado by bronchoscopy. In spite of the fact that tho tumor may bo 
located close to the hihun, wo arbitrarily classify all eases as "peripheral” 
where the luug cancer arises beyond the limits of bronchoscopic diagnosis. Al¬ 
though the reports in the literature stato that from 60 to 75 per cent of tho 
cases of bfonchiogenic malignancy are visible at bronchoscopy, in our experience 
less thuu one-half tho eases could be diagnosed by this examination. During 
the past six years wo have seen over 300 patients with primary bronchiogonie 
carcinoma. Even with the use of the right-angled mirror introduced into the 
bronchoscope and “blind biopsies,” a positive bronchoscopic diagnosis of car¬ 
cinoma was made in only 45 per cent of the patients. In tho remuinder, the 
diagnosis was made by un analysis of all the clinical findings. The seriousness 
of this problem is brought out by the fuet that only one-sixth of alt our eases 
were operable. It is true that in many instances tho diagnosis was not mude 
early lieeausc the classical signs and symptoms of primary pulmonary niulig- 
unney were misinterpreted by the physicians who first saw these patients. How- 

Rend at tlie Twcntv-Hoventh Annunl Alevtin-; of The American Association for Thoracic 
Winery, St IxmU. Ato., May 28, 20, and 30. 1047. 
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ever, in a large percentage of cases the chest roentgenograms demonstrated the 
lesion to be peripheral and so, because of lack of a positive diagnosis of cancer, 
the tumor 'was allowed to become inoperable. The only hope of cure of these 
peripheral tumors is complete excision while the neoplasm is still confined to 
the lung. This can be accomplished by exploration in all patients where a 
peripheral lung cancer is a strong possibility. We have gradually adopted this 
plan of attack and are convinced that it offers the only chance for cure in these 
peripheral malignant tumors. If this surgical philosophy is pursued, the benign 
lesions will be removed also. The common attitude is to regard the removal of 
a nonmalignant pulmonary lesion as a “surgical error”; in fact, this was our 
original belief. However, as we discovered more and more of these benign con¬ 
ditions at surgery, we were impressed with the fact that the great majority of 
the patients were cured by surgical excision. On the other hand, a few of the 
patients were not improved. It seemed valuable, therefore, to review our experi¬ 
ences with these nonmalignant conditions, not only to arrive at better standards 
of differential diagnosis but to evaluate the results of the surgical treatment. 

The benign group of eases that simulate peripheral pulmonary malignancy 
is composed of a wide variety of conditions. The thirty cases reviewed in this 
study represent the most common examples of the type of case that may be 
found, but do not include all the eventualities present in the wide field of pul¬ 
monary disease, as shown in Table I. This study, therefore, is not intended as 


Table I. Diagnosis of Thirty Benign Conditions Simulating Bronchiogenic Carcinoma 


INFLAMMATORY | 

BENIGN TUMOR 


J DEVELOPMENT 


Lung abscess 

G 

Adenoma 

3 

Cysts 

3 

Tuberculosis 

5 

Lipoma 

2 

Thyroid 

1 

Pneumonitis 

3 

bronchial 1 




Bronchiectasis 

3 

pleural 1 




Granuloma 

1 

Fibroma 

i 



Echinococcus 

1 





Silicosis 

1 




__ - 

Totals 

20 


6 


1 


a statistical report, because this series is not large enough to include all types- 
The important clinical findings of the benign group of cases are listed together 
(Table Y) so that they may be more simply compared with similar data in a 
representative group of malignant cases with negative bronchoscopy (Table 
After a general consideration of the clinical and roentgenological findings, the 
individual categories of the nonmalignant cases are discussed separately. 

DIAGNOSIS 

Certain clinical and roentgenologic findings are important in arriving at 
a presumptive diagnosis of peripheral carcinoma of the lung. We have * 
a composite of these findings from the reports in the literature and have com 
pared them with similar data obtained from a study of this series of benign cases. 

Table 11. Sex Incidence _ 

___!_ MALE (%) _j_ FEMALE x %) - 

Benign 53 (16 cases) 17 (11 cases) 

Malignant_85___15-_- 
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Sex, Incidence. —Primin'}’ carcinoma of tJic lung is primarily a disease of 
the male sex, in which tho ratio of males to females afflicted is approximately 
5:1. In the. eases of tho nonmaliguant group of this series, tho number of 
females was only slightly less than the number of males; thus, the number of 
females in the benign group is markedly increased ovor those in the malignant 
group. 


AGE 6-AQUPS 

Benign and ?ffaliqnan£ eases 



10-19 20-29 30-39 40-49 50 - 59 6 0-69 70-79 BO-89 


Bem'qn Hi 
WaJitftuaci | | 

Fill. 1. 

Age Incidence .—Bronehiogonic carcinoma is found in the second to the 
ninth decades of life, but 85 per cent of tho cases occur between the ages of 40 
and 69 years. In the cases of tho nonmalignant series, wo have a lesser range 
of ages, the youngest being 29 and the oldest 70 years of age. Two-thirds of 
tho benign eases occurred in the 40 to 69 age group. Of course, a larger series 
of benign cases might appreciably change this figure and show a greater pre¬ 
ponderance of younger persons; however, it is significant in the cases that we 
have studied that there is a great sunilarity of the age groups of the malignant 
and the nonmalignant cases. (Fig. 1.) 
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Duration of Symptoms .—In the group of thirty benign eases, the duration 
of symptoms varied from two months to almost ten years. The great majority 
were of less than six months’ duration. It is impossible to compare these figures 
with their wide variation to those of bronehiogenic carcinoma since the duration 
of symptoms depends on the diagnostic skill of the physician who first sees the 
case. Most eases of carcinoma are not diagnosed under six months. We have 
recently successfully performed a pneumonectomy on a 65-year-old male with 
bronehiogenic carcinoma who had symptoms over a period of eight years and 
have seen several operable cases with histories of symptoms from one to two 
year’s. Although no hard and fast rule can be made, one can assume, if the 
symptoms persist for more than nine months without the obvious signs of car¬ 
cinoma, that the lesion is likely to be benign. 

SYMPTOMS OF BEN I ON <$ MAN ON ANT CASTS 

% 

1 001-1-1-1-1-1-1-i-1-1 



60 50 39 33 33 • 17 10 10 26 


Bemqn CD 

Cancer Hi 

Fig. 2. 

Symptomatology .—A comparison of the symptoms of the benign and the 
malignant cases shows a striking likeness (Fig. 2). Although it does not seem 
profitable to pursue the comparison of small diff erences in.the figures, it is sigm 
cant that cough, expectoration, and wheezing were found in the same relative 
percentages in both groups. In evaluating the symptomatology, some emph aS)S 
must be placed on weight loss, hemoptysis, pain, and dyspnea, which were in0 ^ 
marked in the malignant cases than in the benign group. It is of interest 0 
remember that 5 per cent of the early cases of bronehiogenic carcinoma have 
been found during the asymptomatic phase during routine x-ray examination. 



UKKWKrt, nr, kt al. : xonmauuxakt intkathohaoiu lesions 44:t 

Iu our small group of benign eases, 10 per cent were discovered during routine 
chest x-ray studies. In n recent report of intruthorocie tumors picked up by 
routine roentgenologic study of imv.v personnel, 1 five out of twenty-three tumors 
so found proved to ho malignant. This study was made on a relatively young 
group of persons in which the oldest was 44 years of age and docs not represent 
a large scale study of the same age group, ns do the eases in this report. These 
facts point out, ns has been reported previously, that with tlie increasing uso of 
tho periodic x-ray examination, many eases of asymptomatic primary imreinomn 
will he discovered. The important lesson to Ik; gained from studying tho symp¬ 
tomatology of the malignant and the benign groups is not the slight differences 
of theso pooled statistics, hut that in general the symptoms nro really very simi¬ 
lar. Certainly, on symptomatology alone, the differential diagnosis of these two 
groups of eases cannot he made. 

Physical Examination .—The physical findings are so varied (but it docs not 
•seem advisable to catalogue them. The physical examination of tho chest shows 
few physical signs for either the licmgii or malignant lesion. In both tho benign 
and malignant eases, the findings depend u|kui (1 ) the hrouehiul obstruction and 
(2) tho amount of infection. Therefore, we must not rely on the physical signs 
to differentiate u localized pulmonary lesion. If, however, the physical signs 
change from IoIhj to lobo or spread to the opposite lung, then a migratory inflam¬ 
matory condition is present rather titan a pulmonary cancer. 

Sputum Examination ,—Careful examination of the sputum must he carried 
out in overj' case of suspected peripheral carcinoma of the lung. The most im¬ 
portant diagnostic procedure is to rule out pulmonary tuberculosis with an 
“open” typo of lesion. If tho patient is raising considerable amounts of mucoid 
or mucopurulent sputum, then a series of negative concentrated sputum exami¬ 
nations for acid-fast bacilli may 1 m- taken as a reasonably reliable standard in 
ruling out “open” pulmonary tuberculosis. However, when tho sputum is 
scanty or nonexistent other methods mast he employed. Sputum obtained by 
gastric lavage or that aspirated from the bronchus draining the pulmonary lesion 
at bronchoscopy Is an accurate source for the detection of the tubercle bacilli. 
If no sputum is available at bronchoscopy, then a few cubic centimeters of saline 
may ho introduced into the branch bronchus. This bronchus is “lavnged” with 
the saline solution, which is then aspirated for bacteriologic examination. Such 
•specimens are studied not only for tubercle bacilli hut for fungi and tho pre¬ 
dominating pyogenic organisms. 

Tho sputum aspirated from the draining bronchus at bronchoscopy should 
also ho studied for malignant cells after the staining method described by 
Pnpanieoluoa. 1 The success of this test is based mi tho fuel that tumor cells 
aw dislodged from the parent tumor and are deteotahlo in tho sputum with this 
slain. Iferhut and Clerf? have reported considerable success in diagnosing 
peripheral carcinoma with this method. Although our own experience with this 
stain is limited, wo believe that tho early results commend a wider use of this 
technic. Tho procedure is somewhat time consuming and I ho pathologist needs 
considerable experience to become proficient in the interpretation of the smears. 
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It should be emphasized strongly that although the finding of malignant cells in 
the sputum proves the diagnosis of carcinoma, a negative test does not rule out 
this possibility. 

ROENTGENOLOGIC MAGNOSIS 

When the sputum examination has failed to reveal either a specific infection 
or malignant cells, then the diagnosis in eases of early peripheral pulmonary 
malignancy rests mainly on the correct interpretation of the chest roentgeno¬ 
grams. The x-ray findings (Table III) may be classified into five types: (1) 
masses in the parenchyma of the lung, free from the hilum or parenchymal 
masses; (2) atelectasis; (3) central masses; (4) abscess cavities; and (5) cyst¬ 
like structures. Roentgenologic studies of the primary pulmonary malignancies 
show a relative preponderance of hilar masses as contrasted with the distal ones. 
With hilar masses, the bronchoscopy is more likely to show the suspected tumor. 
Atelectasis, too, is a common finding. Cystlike structures and abscess cavities 
are less frequently observed in malignant pulmonary lesions. In the thirty 
benign cases in this series, there were fifteen parenchymal masses, seven atelec¬ 
tases, five central masses, two abscesses, and one cystlike formation. 


Table III. Summary or X-Ray Findings 


PARENCHYMAL 

MASSES 

ATELECTASIS 

CENTRAL 

MASSES 

ABSCESS 

CAVITIES 

CISTS ' 

Abscess 

5 

Benign tumors . 

1 

Cysts 

2 



Benign tumor 

4 

Bronchiectasis 

0 

Pneumonitis 

i 



Tuberculosis 

4 

Tuberculosis 

1 

Bronchiectasis 

i 

2 

1 

Pneumonitis 

1 

Granuloma 

1 

Silicosis 

i 



Thyroid 

1 

Pneumonitis 

1 







Echinococcus 

1 




_ 

Total 

15 


_7 


5 

2 

1 


We have relied mainly on posteroanterior upright, lateral, and oblique films, 
supplemented with a careful fluoroscopy in each case to note shift of the lesion 
and diaphragmatic movement. Potter-Buckey grid films are important to show 
possible bone destruction. Planograms or tomograms have not proved as helpful 
as we hoped when this method was first introduced. They distinguish between a 
solid mass and one with central cavity formation and they show the exact location 
of the lesion, demonstrating whether or not the mass is fixed to the rib cage, the 
sternum, etc.; however, the great weakness of these special films is that the} 0 
not show the nature of the mass. 

Similarly, Lipiodol studies of the bronchial tree may show the presence of a 
bronchial block, but they do not tell the nature of the block and so give onb a 
presumptive diagnosis. In case of atelectasis when the bronchoscopy is negative, 
the presence of bronchiectasis may be proved by the simple introduction of t e 
radio-opaque oil. We employ bronchograms mainly to demonstrate the presence 
of bronchiectasis. It must be remembered that a bronehogram that does n° 
demonstrate a bronchial block has not at all ruled out the presence of a bronc w 
genic carcinoma. .A diagnostic pneumothorax is helpful only in eliminating 
possibility of lesions of the chest wall, mediastinum, and diaphragm, prow ^ 
that a layer of air can be demonstrated between these structures and the u D o- 
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Wo liavo used it only occasionally because, in most instances, wo have folt that it 
was important to remove the tumor regardless of its exact sito of origin and 
because pneumothorax is not necessary as a preliminary preoporativo procedure. 

Parenchymal Musses .—Shadows seen in tho parenchyma of tho lung, free 
from the lung root, make up the inrgest group of roentgenologic findings in the 
nonmalignant group. Diagrams of the x-ray findings are seen in Pig. 3, and 
although it is impossible to discuss nil of these types in detnil, certain examples 
will be presented. The differentiation between the x-ray findings in simple lung 
abscess and carcinoma is difficult. The onset of a pulmonary abscess is more 
abrupt, tlio symptoms more severe, and tho roentgen shadow increases more 
rapidly. When the suhaeute stage is reached, after a few weeks, there is little 
change in the size of tho x-ray shadow. In the early stage of development of a 
lung abscess, the zone of infiltration about the abscess is usual]}' greater in the 
inflammatory cases than in the malignant ones, although exceptions to this 
rule may ho seen (Pig. 7, Case 51). As the abscess becomes chronic and fibrosis 
takes place, frequently only a solid mass Is found on the x-ray, as shown in 
Case 4. This 01-year-old patient gave a history of three montlts’ cough and 
expectoration with a low-grade fever. X-rays (Pig. 3) showed an enlarging, 
fairly homogenous mass with a fairly smooth bordor, in the loft lower lobe. In 
contrast, Case B represents a 42-year-old man with a four-month history of cough 
and expectoration following tonsillcetomy. On the ehest x-ray of this patient 
(Fig. 7), an irregular shadow of the right middle lung field showed rarefaction 
suggestive of abscess cavities. In spite of tho history of possiblo aspiration fol¬ 
lowing tonsillectomy, a thoracotomy was performed and a bronchiogonic car¬ 
cinoma removed. 

Benign lung tumors generally present slower growing parenchymal masses 
with relatively smooth rounded contours, as compared with tho malignant pul¬ 
monary neoplasms. In Case 22, a 50-year-old woman complained of cough and 
pain in the chest of twelve months’ duration. The x-ray showed a lobulated 
shadow in tho lower right lung field. An adenoma of the lung was proved at 
o))crntion. Similar findings were noted in Cnso C. Here a 29-yearAild man com¬ 
plained of eongh for three years and repeated hemoptysis for two years. The 
roentgen finding was a circumscribed homogenous mass of tho lower right lung 
field. With tlie three-year history and tile youth of the patient, a benign tumor 
was anticipated; however, an adenocarcinoma was removed at operation. These 
cases are typical of the difficulty experienced iu distinguishing between peripheral 
dxmign and malignant tumor's frum the roentgenologic picture. 

Early pulmonary tuberculosis may show an enlarging shadow which, before 
cavitation occurs and tubercle bacilli arc liberated into the bronchial tree, is 
indistinguishable from a peripheral caneor. In Caso 8, an irregular shadow was 
present in tho right upper lobe, in the pulmonary parenchyma, close to the 
mediastiuunr. Bopented cultures of sputum, including n specimen aspirated at 
bronchoscopy, wore negative for tubercle bacilli. This patient, a 45-year-old 
woman, presented a history of cough, low-grade fever, and scanty sputum. She 
was not appreciably sick and refused to have this mnss removed surgically. Some 
months later, when the lesion drained into tho bronchus, she had high fever with 
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profuse expectoration. At this time the sputum became positive for acid-fust 
bacilli and cavitation was seen on the x-ray. In Case D, a 53-year-old woman, 
there was six months’ rough will) ten pounds weight lass and negative sputum 
tests for acid-fast bacilli. A slightly irregular shadow was seen in tho uppor 
portion of tho right upper lobe. This mass gradually increased in sizo ovor a 
period of several months. This patient consented to operation and a bronchio- 
genic carcinoma was removed. 


DIAGRAMS OFXRAYS OF CASES WITH ATELECTASIS 



SrexcAitCttsis IcAOteecxstus Cyst Iraxciit! ACtnaxa 

Fig. i. 


Atelectasis. —Atelectasis is an x-ray finding that is commonly associated until 
bronchial obstruction, resultant from an endobronchial tumor, inflammatory 
lesion, or foreign body. When this obstruction is present in the main-stem 
bronchi or tho orifices of branch bronchi, the diagnosis is readily established by 
bronchoscopy. In upper lobe obstructions and occasional middlo lobo obstruc¬ 
tions it may not be possiblo to sec the obstructing mass. Only rarely will a lower 
lobe obstructing mass be invisible to the bronchoseopist. A diagram of tho x-ray 
findings is seen in Fig. 4. In tho benign tumors atelectasis, if present, is usually 
lobar and a positivo diagnosis can readily bo made with the bronchoscope. If 
lobular atelectasis is present, as in Case 23, then the diagnosis rests on operative 
findings. In this ease, a 24-ycar-old worn an complained of recurrent hemoptysis 
and pneumonia ovor a poriod of threo years. X-ray showed a shadow in the 
region of the lingula of tlio left upper lobo. Following a negativo bronchoscopy, 
a bronchogram demonstrated an obstruction of the lingular bronchus. An 
adenoma was removed at operation. Case E (Fig. 7) was a 40-year-old man 
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with a liistoiy of weakness, cough, and hemoptysis of nine months’ duration. 
X-ray showed an irregular shadow in tire left middle chest which, on lateral view, 
was seen to be a lobular atelectasis of the superior posterior branch bronchus of 
the left lower lobe. Following a course of antibacterial therapy, the shadow be¬ 
came markedly smaller; however, most of the symptomatology persisted and at 
surgical exploration a carcinoma of the lung was removed. Here are two cases . 
of lobidar atelectasis, one due to a benign tumor and one a malignant one. Only 
the longer history pointed to the benignity of the ease of adenoma. However, we 
have seen a fair number of eases of bronehiogenic carcinoma where the history 
extended over a period of years, in one case as long as eight years. 

Atelectasis due to inflammatory conditions presents a variety of findings (as 
with the benign tumors) and is most co mm on in the upper and middle lobes. 
Case 19 illustrates a difficult diagnostic problem. This 52-year-old man had 
symptoms of cough for one year, hemoptysis, and pain in the right chest. The 
chest x-ray revealed a roughly triangular shadow that was interpreted as atelec¬ 
tasis of a lobule of the right upper lobe. The bronchoscopy was repeatedly nega¬ 
tive. At surgical exploration an unusual shaped echinococcus cyst was removed. 
Since this diagnosis was not suspected preoperatively, no skin test for echino¬ 
coccus had been done. Another film showing atelectasis of a lobule of the left 
upper lobe was present in Case 13, where the history was that of fever, cough, 
and expectoration of 3% months’ duration in a 53-year-old man. At operation, 
interstitial pneumonitis was found. These cases are contrasted with Case G. In 
this case a 55-year-old man complained of cough, fever, and expectoration of sis 
months’ duration. As was time in all these cases, the bronchoscopy in this case 
failed to show a bronchial block. A primary bronehiogenic squamous cell car¬ 
cinoma was removed at surgery. 

Central Masses .—The finding of a central mass in the chest x-ray in a P a 
tient with symptoms compatible with bronehiogenic carcinoma makes this diag¬ 
nosis a likely possibility. In these cases the diagnosis of malignancy is con¬ 
firmed most often at bronchoscopy. A diagram of the x-rays in the benign group 
is seen in Fig. 5. One of the benign patients, with a hilar mass on the x-raj and 
giving a history of cough and palpitation of ten months’ duration, had a cyst ox 
the pleura. In the hilar inflammatory lesions the x-ray findings were in ^ 
tinguishable from carcinoma. Thus, Case 18, who proved to have bronchiectasis 
of an azygos lobe, presented an x-ray shadow similar to a proved case of car 
cinoma of the lung (Case H). In a like manner (Case 15) pulmonary adenonu 
tosis may show a perihilar shadow which greatly resembles an adenocarcinoma 
(Case J). 

Pulmonary Abscess.—We have previously discussed the lung abscesses >' 
show a more or less solid mass on x-ray examination. The pulmonary as 
which persists and presents the roentgen finding of irregular areas of pulmonary 
infiltration and rarefaction also offers a difficult diagnostic problem (Fig- • 
There were only two patients in this series with these findings. The fu’sh ' as 
a 70-year-old man, gave a history of five months’ cough, sputum, and hemop y 
The x-ray findings (Fig. 6) were very similar to Case K, in which aclenoca^^ 
noma was proved at operation. In the second, Case 25, this 49-year-o 
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abscess, did not show malignant cells. However, with failure of the abscess to 
heal, subsequent biopsies revealed the presence of a carcinoma. Had we treated 
this case with pulmonary resection instead of drainage of the abscess cavity when 
we first saw the patient, it is quite likely that it would have been possible to have 
removed the malignant tumor. With the improvement- in surgical technique, the 
results of pulmonary resection for lung abscess have been very much better. A 
long period of drainage of the abscess is obviated and secondary measures to dose 
the bronchial fistula are not necessary with lobectomy. Because of these facts 
and because at exploratory thoracotomy a lung cancer can be diagnosed and 
properly treated, we are coming to the point of view that pulmonary resection 
instead of surgical drainage is the procedure of choice for a lung abscess that 
does not promptly respond to conservative measures. 

(2) Tuberculosis: Early pulmonary tuberculosis in persons of cancer age 
may occasional!y present a clinical picture that is identical with bronchiogenic 
carcinoma. In the vast majority of instances, the differential diagnosis can be 
made with careful sputum examinations. The specimen of sputum obtained at 
bronchoscopy by aspirating the bronchus and draining the pulmonary lesion 
offers the best chance for detection of the tubercle bacilli. If the patient is ex¬ 


pectorating appreciable quantities of sputum, then a negative examination 
usually rules out tuberculosis. Concentration of three-day pooled specimens of 
sputum and the more sensitive culture or guinea pig inoculations are the best 
tests for the detection of acid-fast bacilli. However, in an expanding peripheral 
pulmonary lesion it is frequently unwise to wait the six weeks for a negative 
culture for acid-fast bacilli or a guinea pig test when bronchiogenic carcinoma is 
a strong possibility. Also there is evidence to show that it is wise to resect so- 
called “tuberculomas” of the lung while the sputum is still negative and the 
lesion has not broken into the bronchus. In Case 8 of our series, had pulmonary 
resection been performed when we so advised, it seems likely that spread to the 
three other lobes of the lung and the necessity for an extensive thoracoplasty 
would have been prevented. In Case 7, in which the tuberculoma was attache 
to the chest wall and lung, the possibility of a tuberculous empyema was obviate 
by resection. In Case 9, in which atelectasis of the right middle lobe and an 
extensive hemoptysis were the predominating points in the clinical picture, more 
careful sputum studies would have probably revealed the diagnosis. These a 
cases are most unusual. The real problem exists in the tuberculoma arising at a 
distance from the pulmonaiy hilum, in which the sputum does not contain 
tubercle bacilli. Here perhaps a veiy strongly positive tuberculin test may o e ^ 
presumptive evidence of tuberculosis. We believe that exploratory thoracotomy 
and resection of such lesions is justified as was done in the two cases w 1 
series. Not only will a possibly early carcinoma of the lung be properly 
with, but there is a great likelihood that the patient would be saved spread o ^ 
tuberculous process to other lobes of the lung should a tuberculoma be i e1110 ' 
Prolonged rest and the general regimen for tuberculous patients must be a 
to tbe postoperative care once a diagnosis of tuberculosis lias been dc m 


established by examination of the resected specimen. £ 

(3) Nonspecific granuloma: In the single case of nonspecific granu om* 1 ^ 
the lung (Case 12), the pathologic findings were that of a chronic ’ ec 10 
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granuloma that did not rescmblo tuberculosis. The etiology of tliis lesion bus 
not definitely been determined although Aspergillus was cultured from the 
sputum; however, the microscopic sections of tho specimen were not typical of 
fungus infection. Because there is no diagnostic test that can bo performed 
beforo surgery, these eases cannot be distinguished from early pulmonary malig¬ 
nancy. Since tho true character of tho lesion can bo determined only by micro¬ 
scopic section, early removal seems lo be indicated. Tho patient in tills series 
was apparently cured by the resection; there has been no recurrence of tho con¬ 
dition. 

(!) Chronic pneumonitis (interstitiut): This classification is somewhat un¬ 
satisfactory as it contains a variety of lesions in the alveoli and interstitial tissue 
producing pathologic chnngcs. The clinical picture is one of localized pul¬ 
monary infiltration similar to that of an acute pneumonitis that becomes chronic, 
or gradually spreads in spite of intensive sulfonamide or penicillin therapy. 
One might suspect that virus pneumonia might come into this category. Tho 
x-ray shadows of virus pneumonia, although not typical in themselves, do tend 
to come and go, and move around. In those cases iu which the process lasts for 
several months, there usually has been enough variation in tho x-ray findings to 
show that the lesion is inflammatory and not neoplastic. The etiology iu tho 
three examples of chronic interstitial pneumonitis in this series was different 
in each case. In Case 14, the pneumonitis was associated with a pneumolith; in 
Caso 15, the infection from sheep gave the picture of pulmonary adenomatosis; 
and iu Case 13, no definite etiology of tho interstitial pneumonitis was doter- 
miued. It should be emphasized that those arc not cases of so-called "unre¬ 
solved pneumonia,” a condition that is usually a misnomer and represents some 
other pathologic condition. Iu theso eases, interstitial or interalveolar inflam¬ 
mations resulting in fibrosis of the lung account for tho persistence of tho symp¬ 
tomatology and tho shadows seen in the x-rny picture. These conditions arc rare, 
and no criterion for diagnosis and treatment has been established. Surgicul 
exploration and resection seem indicated when the persistent x-ray shndow 
resembles that of bronchiogcnic carcinoma. 

(5) Bronchiectasis: Bronchiectasis is a diseaso that is chronic in character 
with well-known signs and symptoms that mnko the diagnosis usunlly clear-cut. 
It occurs most frequently in the first three decades of life and because of its 
history of chronic pulmonnry suppuration, repented pneumonitis, or hemoptysis, 
is rarely confused with pulmonnry tumor. The x-ray usually shows some pori- 
bronehial infiltration aud Lipiodol injection establishes tho diagnosis of bron¬ 
chiectasis. 

In over 200 patients with bronchiectasis, there wero only threo in which wo 
suspected a pulmonary malignancy. All three of theso showed atelectasis. In 
two patients there was atelectasis of tho loft lower lobo, and at bronchoscopy a 
bleeding obstructing lesion of tho lower bronchus was seen. Because atypical 
cells wliich resembled malignant cells wero seen on the microscopic section of 
the biopsy specimen, bronchiogeuic carcinoma wus the tentative preoperative 
diagnosis. At operation, the lesions wore proved to be noumalignant. In tho 
third caso, since the bronchoscopy was negative, an enlarging perimediastinal 
shadow of the accessory azygos lobe was indistinguishable from a perihilar bron- 
chiogenio carcinoma. Except when an anomalous lobo or possibly an upper 
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lobe lesion is present, or the biopsy specimen of granulation tissue in the 
bronchus is equivocal, bronchiectasis will not be confused with bronchogenic car¬ 
cinoma. In any event, the treatment of bronchiectasis is pulmonary resection 
provided that the vital capacity or disease in the contralateral lung, etc., does not 
contraindicate surgery. 

(6) Echinococcus: Echinococcus disease of the lung usually presents fairly , 
typical clinical pictures. There is often a history of exposure to animals, the 
x-ray shows one or more cysts in the lung, and similar cysts of the liver are not 
uncommon. The skin and precipitation tests are highly sensitive and can be 
relied upon, if strongly positive, to confirm the diagnosis. In the one case in 
this series (Case 19), the chest x-ray was that of a more or less triangular 
density close to the hilum. Because this lesion did not resemble a cyst, we did 
not consider echinococcus as a possibility and so did not perform the diagnostic 
tests for this disease. A pulmonary malignancy seemed the most likely diag¬ 
nosis. We have seen other cases in which echinococcus cyst was the suspected 
diagnosis but in whom the skin test was negative. Exploration revealed pul¬ 
monary malignancy. Since the best treatment for echinococcus disease is pul¬ 
monary resection, if the condition of the patient permits, pulmonary resection is 
the procedure of choice. 

(7) Silicosis: Silicosis is an occupational disease resulting from a long 
exposure to soluble silicate dust. The history of chronic cough and dyspnea fol¬ 
lowing the inhalation of silica dust usually may be obtained. The chest roent¬ 
genogram shows a hilar, sunburst type of infiltration which is usually bilateral. 
Often there is a tine-grained miliary infiltration in the middle lung fields, leaving 
the apices and the costophrenic angles clear. Rarely will this clinical and x-ray 
picture be confused with bronchiogenie carcinoma. In our case there was a his¬ 
tory of recent hemoptysis the day before in a man who had previously consid¬ 
ered himself well. The x-ray showed a rounded hilar mass on the right, and 
bronchoscopy showed infiltration and distortion of the intermediate bronchus 
which was interpreted as invasion of the tumor. He had a rather straight left 
heart border which, in the absence of rheumatic heart disease, we could not ex 
plain. An exploratory thoracotomy seemed justified to rule out a bronchiogenie 
carcinoma. The finding of extensive silicosis of the mediastinal lymph nodes 
and lung at operation revealed the true source of the hemoptysis. 


II. Benign Tumors .—Benign pulmonary tumors occur with one-tenth tie 
frequency of bronchiogenie carcinoma. They grow slowly and usually P iese 
the symptoms of bronchial obstruction or hemorrhage over a long period of tune. 
Since most of these benign neoplasms arise in the main bronchus or orifices o 
the branch bronchi to the various lobes, their diagnosis may be made with c er 
tainty by bronchoscopy and biopsy in the majority of instances. Some di C *J ^ 
arises in interpreting the ‘microscopic picture of the varied cell types <)U ” a j| v 
adenomas, but with repeated biopsies the experienced pathologist can us 
rule out carcinoma. are 

Although more common in the younger age groups, these benign tumors^ 
seen in middle-aged persons, also. When the neoplasm arises beyond the ran.-' 
of bronchoscopic vision, the diagnosis is most difficult. 
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AH of tlio five raws of benign pulmonary tumor in tills series arose iu 
bronchi beyond bronohoscopie vision. Three of these rases were adenomns of 
the bronchus. This represents three out of fourteen eases of adenoma that wo 
have treated in which bronchoscopy failed to show the nature of tho tumor. In 
the other eleven, the diagnosis was proved by bronchoscopy. Two other benign 
pulmonary tumors in this series were extremely rare: (1) a lipoma of the 
bronchus arising in the left upper lobe: and (2) a fibroma arising in the right 
upper lolie. The sixth case proved to be also a rare lesion, a lipoma of the pleura 
which presented a peripheral shadow simulating bronehiogenie enreinoma. Re¬ 
section of the peripheral benign tumors was indicated, as cancer could not bo 
ruled out with certainty. Most adenomas of the bronchus come to surgery 
eventually becuusc of infection in (lie lung or hemorrhage. These tumors ate 
all potentially malignant so excision is the treatment of choice. 

III. Developmental Condition .«.— 

(1) Pulmonary, cysts: Solitary pulmonary cysts occurring in poisons of 
cancerous ago may simulate bronehiogenie carcinoma. If the cysts arc multiple, 
then the diagnosis of carcinoma is remote. The symptoms are varied and depend 
upon infection in the cyst, the bronchial communication, and the size and position 
of the lesion. If the pulmonary cyst is asymptomatic and found on routine 
examination of the chest, then it is unlikely that, a malignant neoplasm is present. 
If, however, the symptoms of cough, and expectoration or hemoptysis are present, 
then the diagnosis of bronehiogenie carcinoma must be entertained. 

In a series of eighteen eases of cystic disease that wo ltuve treated, three 
presented a clinical picture that led us to suspect bronehiogenie carcinoma. In 
each of these infection was present in the cyst and a communication existed 
between the cyst cavity und tho bronchial tree. In two coses (Case 28 and 29), 
the cyst mass was in the distal portion of the lung fields and in one ease it was 
contiguous with the iiilum. The time element is important, for tho longer tho 
history, tho less likely it is that a cancer is present. However, we treated ono 
patient (Case M) with a cystliko lesion of the lung which proved to lie cancerous, 
m which the symptoms had becu present for V/> years und a cystlike structure 
Itad been observed in chest x-rays over this period of time. Since tho ideal treat¬ 
ment of symptomatic solitary pulmonary cyst is resection, then there is no harm 
in advising early surgery when bronehiogenie carcinoma cannot be ruled out. 

(2) Intrathoracic goiter: Only rarely will the clinical picture seen with an 
mtrathoracie thyroid resemble that of a primary pulmonary malignancy. Usu¬ 
ally there is some associated enlargement of the cervical thyroid, and the intra- 
thoracie goiter is attached to the parent structure. The symptoms of hyper¬ 
thyroidism may bo present. On fluoroscopy, the intrathoracic thyroid, being 
attached to tho ribbon muscles of the neck, may be seen to lose on swallowing. 
The mass has smoother outlines in the x-ray than does a carcinoma, and symp¬ 
toms, if present, are usually those of tracheal obstruction. In the malignant 
tumors of tho lung located in the superior sulcus, pain in the shoulder, and 
Horner’s syndrome with reenrrent laryngeal nerve paralysis arc present when- 
the tumor mass casts a shadow on the x-ray as largo as the one in the ease we 
have presented (Case 30). If bronehiogenie carcinoma cannot be ruled out, then 
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an exploratory thoracotomy by opening the chest widely, not an operation 
through tiie suprasternal notch, should he employed, so that the lung may be 
removed it necessary. 

PROGNOSIS 

In twenty-five out of thirty nonmalignant cases in this series, healing of the 
pathologic condition could not be expected by conservative means alone (Table 
, IV). The lung abscesses which had not responded to antibacterial treatment and 
bronchoseopie drainage definitely needed surgical treatment. The patients with 
bronchiectasis, ecchinococcus disease and persistent tuberculomas do not tend to 
heal spontaneously. In a like manner, benign tumors and the developmental con¬ 
dition could be cured only by resection. It must be admitted, however, that the 
asymptomatic lesions in the latter category might have existed for a long time 
before causing trouble. Yet their resection obviated possible difficulties from 
enlargement, infection, or malignant change. This leaves only the four eases 
with pulmonary granulomas and chronic pneumonitis in a borderline classifica¬ 
tion. Although the prognosis for these conditions is not well known without 
pulmonary resection, a state of chronic disease could be expected. In silicosis, 
no satisfactory treatment has been devised once the process becomes advanced. 


RESULTS 

The results of surgery in these thirty nonmalignant cases are shown in Table 
IV. The most important fact to he learned from this chart is that in twenty - 
seven out of thirty eases a cure Avas effected by the surgical treatment. These 
patients have remained well for a period of from four months to six years smce 
surgery. In twenty-five instances, or five-sixths of the cases, resection of the 
lesion was performed. In one of the five remaining cases, pneumonolysis per¬ 
formed at exploration effected adequate drainage of a lung abscess and subse¬ 
quent healing of the lesion. In the other patient, a thoracoplasty resulted w 
ultimate curing of the pulmonary tuberculosis. There Avere two patients un¬ 
improved by operation. In one with severe hemoptysis, the resection of e 
pulmonary tissue failed to arrest the latent tuberculosis in the opposite lung. 11 


Table IV. Results in Thirty Benign Cases 


DIAGNOSIS 

CASES 

OPERATION 

CURED 

UNIM¬ 

PROVED 

died_ 

pbognosis 

•without 

SPBGEg£-^ 

Inflammatory 

1. Lung abscess 

6 Resection, 5 

6 

0 

0 

Poor 

2. Tuberculosis 

Exploration and lysis, 1 

6 Resection, 5 . 5 

1 

0 

Poor 

3. Pneumonitis 

Thoracoplasty, 1 

3 Resection, 3 

2 

0 

1 

Fair 

4. Bronchiectasis 

3 Resection, 3 

3 

0 

0 

Poor 

5. Granuloma 

Resection 

1 

0 

0 

Fair 

Fair 

No tTeatw CTt 

6. Echinococcus 

1 Resection 

1 

0 

0 

7. Silicosis 

1 Exploration 

0 

1 

0 

Benign Tumors 

1. Adenoma 

2. Lipoma 

3. Fibroma 
Developmental 

1. Cysts 

2. Thyroid 

3 Resection 

2 Resection 

1 • Resection 

3 Resection 

1 Resection 

3 

2 

1 

3 

1 



Poor 

Poor 

poor 

poor 

Fair_— 


Totals 


30 
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(he other unimproved jmtient, in whom silicotic lymph nodes were found, only on 
exploratory thoracotomy was performed. The one operative fatality in this 
group occurred in a man 55 years old with chronic pneumonitis. The cause of 
death was an extensive spread of infection to the opposite lung, uremia, and 
sepsis. In reviewing this ease, wo cannot find any diagnostic signs or symptoms 
by which bronehiogenie carcinoma could have been ruled out prior to surgery. 

DISCUSSION 

In this group of conditions simulating bronehiogenie carcinoma which has 
been presented, no hard and fast rule enn be given to eliminate malignancy. 
Even after this intensive study, should we encounter similar eases in the future 
we will operate upon them, for, in the vast majority, carcinoma cannot he 
excluded. 

In these lesions beyond the range of bronchosoopic visibility, the elimination 
of (he jiossibility of open pulmonary tuberculosis Is tho most important clinical 
differentiation. Tho fact that a shadow on the x-ray film appeals to ho quiescent 
in no way excluded bronehiogenie carcinoma. Even if temporary decrease 
ill the size of tho x-ray shadow takes plnec with antibacteric therapy, tiic lesion 
may still be malignant; but, if the lesion is migratory from lobe to lobe, an in¬ 
flammatory lesion can be expected. 

Yet, if exploratory thoracotomy is to be performed for these patients, 
should a pneumonectomy with its higher attendant risks be performed in every 
instance! The problem confronting the surgeon who bos the chest open and the 
pathologic process under visual and manual examination is often most difficult. 
Unless the diagnosis of carcinoma is obvious, it is wise to perform a hioiisy or 
wedgo resection of the lung which includes the lesion, if possible. Immediate 
frozen sections and microscopic examinations should bo carried out. If a car¬ 
cinoma Is proved, then a pneumonectomy should bo performed providing tho 
patient’s condition makes this feasible. If the losion is nonmalignnnt, then 
local resection or lobectomy is the procedure of choice. Wo believe that the 
evolution of the management of a suspected ease of peripheral bronehiogenie 
carcinoma has reached the same .status that is now current usage for carcinoma 
of the bi-east When a lump is felt in tho breast, biopsy or local excision is 
performed. If carcinoma is proved by microscopic examination, a radical mas¬ 
tectomy is performed. Thus, in suspected peripheral bronehiogenie carcinoma, 
exploratory thoracotomy and biopsy or local excision is performed. Only if 
cancer is proved is a total pneumonectomy necessary. 

CONCLUSIONS 

1. Thirty ojicrutcd eases of nonnialignant intrathoracic lesions simulating 
peripheral bronehiogenie carcinoma have been reviewed. This group consisted 
of twenty inflammatory' conditions, six benign tuiuois, and four developmental 
abnormalities. 

2. Thu difficulty of the clinical problem in the early diagnosis of bronehio- 
geuic carcinoma Is emphasized by the fact that in only approximately one-half 
of tho eases of carcinoma out of a series of 300 that we have treated, could the 
carcinoma ho dingnosed by bronchoscopy'. All lesions beyond the limits of 
hrouchioseopic diagnosis are classed ns peripheral. 
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3. After a careful study of the clinical and x-ray findings, wo are forced 
to admit that most often the differentiations between the peripheral malig¬ 
nancies and nonmalignant conditions cannot be made without exploratory 
thoracotomy. 

4. Exploratory thoracotomy and microscopic examination of biopsied speci¬ 
mens represent the only sure methods of distinguishing between tho malignant 
and thin group of nonmalignant peripheral lesions. 

5. In twenty-three out of thirty cases in this benign group simulating 
bronchiogenic carcinoma, euro could not be expected by conservative treatment; 
six cases fell in a borderline group; and one was hopeless regardless of treatment 
employed. 

6. Twenty-seven out of the thirty nonmalignant conditions were cured by 
surgery, two were unimp roved; one postoperative death occurred. 

7. This study should give confidence to the surgeon to perform exploratory 
thoracotomy for the peripheral intrathoraeic lesions where bronchiogenic car¬ 
cinoma cannot be ruled out. If a carcinoma is found, total pulmonary resection 
offers the only chance for cure. If a nonmalignant condition is discovered, we 
can concludo from this experience that in most instances the pathologic con¬ 
dition will prove to be one that is cured by simple local resection. 

S. We believe that the management of a suspected case of peripheral 
bronchiogenic carcinoma has reached a status similar to that of suspected car¬ 
cinoma of the breast with exploration, biopsy, and radical excision, if cancer 
is proved. 
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DISCUSSION 

DR. EVARTS A. GRAHAM, St. Louis, Mo.—I want to commend Dr. Brewer for bring¬ 
ing this to our attention so forcibly. 

I agree wholeheartedly that exploratory thoracotomy should be undertaken much more 
often than it is. Tho reason that it is not undertaken more often is simply because of the 
conservatism of members of tho medical group, who generally have these patients in their 
control over a long period of time. 

Dr. Brewer did not say anything in particular about tuberculoma, but it seems to me 
that with tho present safe state of thoracic surgery one will not go for wrong in advocating 
the removal of largo tuberculomas. We havo been carrying out this policy for some time 
with no regrets. 

On tho othor liand, I run sure wo aro familiar with patients who havo carried tuber¬ 
culomas for an indefinite period of time, and were told there was nothing to worry about, 
only to havo the thing suddenly become active, with the di sse m ination of tuberculosis, often 
in a bilateral form, with the serious consequences of that complication. 

DR. DAVID H. WATERMAN, Knoxville, Term.—I agree entirely with Dr. Brewer that 
tuberculosis should, of course, be ruled out in these patients, I would like to bring to your 
■ attention, hovrover, eight cases we have had in which a positive sputum was obtained which 
m each case proved to be a red herring. 

In all of the eight cases a diagnosis of bronchiogenic carcinoma proved to be the main 
pathology, but in three of them the presence of positive spu tum delayed our surgery suffi¬ 
ciently long that a poor result was obtained where a good result might have been achieved 
by earlier operation. 
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Tlie explaimtiou for tlie positive sputum may be that the bronchiogenic carcinoma has 
eroded into an old tuberculous focus. I have heard other chest surgeons make tho same 
observation. To reiterate, I think we cannot place too much importance on a positive sputum, 
particularly if it is an isolated specimen. 


DR. P. R. HAUTZ, Cleveland, Ohio.—i just wish to show one case that 1ms been quite 
interesting and instructive to me. 

(Slide.) This was a man 36 years old, who, a year or so previously, had a rather 
severe injury to the left chest and some months later began to have'pains in the left chest, 
A month before this picture was taken, he consulted his physician, and this circumscribed 
lesion was found in the periphery of the left lung field. 

Bronchoscopy did not help us make a diagnosis. He had no fever or signs of a pyogenic 
inflammatory lesion, so we proceeded with an exploratory thoracotomy, ■ on the assumption 
that we were dealing with a primary lung tumor. 

At operation we did find a lesion in the periphery that came up near the surface of the 
pleura. Apparently it went across the interlobar fissure, and we were still a bit at a loss to 
know what it was. It was rather hard in consistency. We thought that perhaps we could 
get some help from a frozen section and we took a small piece from the pleura and had a 
frozen section done in the operating room which gave us the impression that we were dealing 
with an adenocarcinoma, so we proceeded with a pneumonectomy. 

(Slide.) This was the lesion ns it appeared in the lung; when the pathologist examined 
the paraffine sections of the lesion, he called me up and asked me if I would check to see 
what the man’s Wassermann reaction was. I went to the chart, and to my chagrin, found 
that a routine admission Wassermann had not been done. There was one listed as. having, 
been drawn the day of operation, and needless to say, it was 4 plus. 

This patient has been followed for three years and he has remained well. A course of 
antisyphilitic therapy has been recommended but the patient has not been very faithful 
about taking the treatments. No doubt the penicillin that he had following operation was 
helpful in this regard. 

Does the essayist have any comments to make on the treatment of these large gumnias 
of the lung? If we had known that tlus was a gumma, we would have instituted some anti- 
■ syphilitic therapy prior to thoracotomy. 


DR. EDGAR W. DAVIS, Washington, D. C.—I believe for scientific reasons— and to 
emphasize what Dr. Graham has said—that if one’s clinical diagnosis could be substantiated 
preoperatively it possibly- would influence the clinicians to refer these undiagnosed lesions to 
the surgeons. However, for practical purposes I do not feel that it is necessary to ascertain 
the .clinical significance preoperatively of these lesions. In my opinion all of them sliou 
be explored. 

In 1945 we* reported fifty-eight cases that had had all conceivable studies in our anna 
mentarium. We were unable to arrive at any definite diagnosis in any case. We opera 
on these patients and in the over-all age group we found 73 per cent to be malignant. 

We have just been reviewing a series of intrapulmonary tumors. We have forty m 
series. One patient refused surgery and thirty-nine were operated upon. This group ranges 
anywhere from 29 to 69 years of age, with" an average age of about 52 years. Of this group 
of forty cases, we have a total of 70 per cent malignancies. Of the forty patients, there " 
twelve who had no symptoms at all. These twelve were picked up largely during the 
when inductees or volunteers for service in the armed forces were routinely screened. ■ 
had no symptoms at all, and were surprised to be told that they had anything in their t 
which would disqualify them for service in the armed forces. Of these patients " 1 
symptoms, 66 per cent, or 8, had malignant tumors. IIe 

I am sure all of us were very interested in these x-rays presented by Dr. Brewer. ^ 
called' some of them carcinoma that I did not think were carcinoma. This last case presc 
looked to me as if it were a very clean-cut film of a cyst in the lung. This shows the necess^. 
for operating upon what roentgenograpliically appears to be an innocuous lung cyst. ^ 
Graham has called our attention a number of times in recent years to the fact that man 
these' cysts have malignancies within them. 

. Edgar W- Davis and Roy G. Klepser, Washington, D. C. 
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I sincerely believe that so far as the practical application of therapy in these undiag¬ 
nosed, intrupulmonary, or intmtboracic neoplasms is concerned, that it is just as Imperative 
to operate and find out their truo significance as it is to remove an undiagnosed nodulo from 
the breast 

DR. RICHARD II. SWEET, Boston, Mass.—I have long been aa advocate of tills pro¬ 
cedure in these doubtful cases where diagnosis is so difficult, but I would also liko to point 
out to you that, at leant in mv experience, it is not such an easy matter with the lung under 
our fingers aud with our oyes upon it, to 1>c absolutely sure of what wo aro dealing with. 

I have mndo errors in both directions—calling benign lesions malignant ones, and malig¬ 
nant ones benign. On the other hand, I think we can make wide use of this method, many 
times performing a biopsy, actually tnking pieces of lung tissue, lymph nodes, and so forth, 
in order to find out exactly what wo are dealing with, but even then we have to wait some¬ 
times for stnentl weeks for the pathologist to make up his mind ns to what It wag that we 
took out for him. 

There is one interesting group of cases which I liuvo encountered that I think Dr. 
Brewer mentioned on his list of diagnoses, which we have called chronic pneumonitis, and 
which nppars to lw a clinical und pathologic entity, and which, in our hands, is very difficult 
to differentiate from carcinoma, even at the operating table. Perhaps you would liko to 
comment on your experience with that, Dr. Brewer. 

DR. A. LINCOLN BROWN, San Francisco, Cnlif.—There is one form of chronic pneu¬ 
monitis which I am sure the essayist would not object to having added to the list; that Is 
lipoid pneumonia, of which one does not see too much. I have just had the experience ugnin, 
la a fifth case. It is always very' satisfactory to run across, and gives you a much liettcr 
prognosis ns far as the patient is concerned, but, being a progressive disease, warrants at 
least n local excision and possibly a lobectomy. 

DR. L. A. BREWER, Los Angeles, Calif.—In response to the question regarding the 
gumma, I believo there are only a very few published case histories, so that this case, by 
alt means, should l>e reported. We havo not run across one in our series. 

The problem that confronts tho surgeon when he has tho thorax open and can palpate 
the mass in the lung is often extremely difficult. Wherever possible, we take n biopsy of tho 
lesion aud tho adjacent lymph nodes. Carcinoma can usually be ruled out in all eases except 
tumors covered by tho great vessels close to the hiluui. 

As tlmo goes on there will lx? more and more explorations, more local resections, and 
fewer pneumonectomies for all except the hilar musses. Actually, we did nine pneumouee- < 
tomles, eleven lobectomies nnd eight local excisions in this series. As our experience widens, 
we will be able to tell more accurately which cases will need n total pneumonectomy. 

I am sorry that this vast subject liad to l>o covered in such a short period of time. 
There were many questions of interest tlmt we would huve liked to discuss further, such as 
tuberculosis, mentioned by Dr. Gmlinm, interstitial pneumonitis, suggested by Dr. Sweet, nnd 
others. The written account of this paper presents more detail on these subjects. ■ 

We have presented this scries of cases in the hope of stimulating surgeons in the Society 
to present their experiences with nonnmlignnnt lesions simulating bronchiogenio carcinoma, 
for it is only by the collective oxperieuce of a large numlwr of cases tlint tho 1x*st standards 
of therapy con be evolved. 



an improved method of resection of 

PULMONARY SEGMENTS 

Report of a Technique Applied in Seventy Operations 

Richard H. Overholt, M.D. (by invitation), Francis M. AVoods, H.D., 

and Reeve H. Betts, M.D. 

Boston, Mass. 

P ULMONARY diseases amenable to surgical excision often involve one or 
more segments of lobes. At times the affected segments are contiguous, but 
often they are distributed in different lobes either on one or both sides of the 
thoracic cavity. In such eases it is desirable to save the normal segments as 
functioning units. Where multiple areas are concerned, it may become impera¬ 
tive to conserve all healthy segments in order to preserve sufficient pulmonary 
function to sustain active life and yet eradicate the disease. 

Thoracic surgeons have long recognized the surgical significance of the 
pulmonary segment. Nelson 0 discussed the segments from the standpoint of 
proper posturing of patients when bronchial drainage was necessary. He also 
pointed out that the superior segments of the lower lobes were entitled to be 
given separate consideration for they acted independently from an anatomic 
and clinical point of view. Churchill and Belsey 3 Avere early to point out the 
frequency of involvement of the lingula of the left upper lobe in bronchiectasis 
, and the importance of its resection. They described a method of removing t c 
1 ingula by preliminary 7 occlusion of the segmental bronchus, reinflation of tie 
• lobe, and the division of lung tissue between clamps, and stated that clamps 
are placed just on the atelectatic side to alloiv greater freedom in sutinni 0 - 
Running stitch ligatures are then placed on the lung substance held by tic 
clamps.” Churchill and Belsey also employed this method in two cases o^ 
bronchiectasis in Avliich the basal group of segments Avere• removed, there) 
preserving the superior segment. Adams 1 has called attention to the P 10 ® 1 
importance of “segmental pneumonectomy” and has Illustrated a metho or 
removal of. basal segments applying two clamps to the lobe. He places 1 
blades of the clamps so that they 7 , grasp the lung from opposite directions an( 
their points closely approximate one another so that all of the tissue 
the superior segment and the basal group is included. Suturing of the UU ° 
surface is also recommended. Blades 2 has discussed the importance of the con 
servation of uninvolved segments, particularly in treating bilateral bronci 
tasis. For the lingula, Blades has found the method of Churchill and ® ®- 
entirely satisfactory. For removal of the superior segment of the lorver o > 
the bronchus is occluded and clamps are applied to the line of demarca 
Blades states, hoAvever, that “partial excision of the basal division of a off 

From the Department of Surgery, .Tufts College Medical School and the New Eng 
Deaconess Hospital. Boston. • _ Thoracic 

Read at the Twenty-Seventh Annual Meeting of The American Association 
Surgery, St. Louis, Mo., May 2S, 20, and 30, 1947. 
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lobe necessitates incisions through rather thick vascular lung tissue. Extirpation 
of the diseased lobules in this location nmv be accomplished by placing ono small 
hemostat at tho desired position and incising tho tissue below the level of the 
instrument. . . . After the division of approximately one inch of lung tissue, 
tho lino of incision is approximated and the positions of the vessels held by the 
proximal clamp are determined. The vessels arc controlled by suture ligatures 
before the clamp is removed. By repeating this maneuver, the segment or 
desired amount of lung tissuo is excised. . . . The raw cut snrfaco of tho lung 
parenchyma is then covered with n large graft of parietal pleura which is 
obtained front tho chest wall.” Blades has employed this method in sovou 
eases, not including lingulcetomy. 

For many years wo used the methods described by Churchill and Belsey, 3 
Adams, 1 and by Blndes* for the excision of the lingula. This segment is the 
most accessible of all for it is the counterpart of a lobe (the right middle) and 
frequently is partially separated by an neeessor.v fissure. It has hut ono intor- 
scgmental piano which is often a narrow one. The damp and suture methods 
lutva not proved to he satisfactory in the excision of other segments. Lung 
clamps and hemostats cannot be placed precisely on tho intorsegmental plane. 
At some area in the intcrscgmental plane either too much or too litllo tissue 
will ho included in tho clamps. If the former, infected tissue may remain 
behind; if tho latter, healthy tissue is traumatized. Tile use of clamps makes 
suturing obligatory. The raw surface of the adjacent and healthy segment 
cannot ho sutured without distortion of its shape or reduction of its volumo. 
Furthermore, it is difficult to placo the sutures when the segment is fully 
expanded. Wo liavo found it necessary to plneo the sutures when the lobo is 
partially or totally collapsed. Wo also have found that with expansion of tho 
segment tiicro is frequently disruption of the sutures. It was Iwcauso of tho 
technical difficulties that we encountered witli the clump and suture method in 
the removal of othor pulmonary segmenis than tho lingula, that wo felt that a 
different way to take tho lobo opart should lie developed. Three years ago we 
developed a method of removing any of the eighteen segments without the use 
of lung clamps and without tho use of sutui'es on the denuded surface. This 
can be accomplished without appreciable damage to the neighboring segments. 
In a previous report,’ we described experiences with this procedure in twenty- 
three operations on twenty-one patients. That experience has now been ex¬ 
tended to fifty-nine segmental operations on fifty patients with bronchiectasis, 
and to an additional eleven segmental operations for other conditions. After 
we had submitted our first report for publication, Clngett and Detorling 1 de¬ 
scribed a method of removing tho lingula b.v dissecting the segmont in a retro¬ 
grade manner. Thoy do not use clamps but suture tho denuded snrfaco of tho 
lung. They suggested that their method might he applicable to other segments. 

TECHNIQUE 

Each bronchopulmonary segment hus its own bronchus, arterial blood supply, 
end venous return. Tho bronchus and artery penetrate through the hilum of 
tbe segment into its substanco where their subdivisions arborize. Tho venous 
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channels in turn collect into tributaries which tend to run along the surface of 
the segment through the hilum back to the pulmonary veins. There are no 
arterial or bronchial communications from one segment to another. Occasional 
venous communications are encountered but the main venous return from a 
segment is by way of its own hilum. Rarely, partial pleural fissures occur 
between segments, giving additional evidence that they are true bronchopul¬ 
monary units. At all times loose areolar tissue is all that binds a segment to 
contiguous segments once the arteiy, vein, and bronchus at its hilum, and the 
pleura at its periphery are divided. Since this loose areolar tissue can be 
separated with relative ease, it is possible with certain precautions to apply to 
segments of pulmonary lobes the principles of individual ligation technique now 
universally accepted in resection of entire lobes / 

The patient is prepared for operation by paravertebral injection of 0.4 per 
cent procaine hydrochloride into the second to eighth intercostal nerves. The 
parascapular region is also infiltrated. An endotracheal tube is inserted under 
topical cocaine anesthesia, and the saphenous vein is cannulated for infusion of 
fluid and blood. The operation is done with the patient in the face-down posi¬ 
tion, the diseased side slightly lowered to minimize the flow of secretions into 
the tracheobronchial tree. The chest is opened through a posterolateral para¬ 
scapular incision, the pleura being entered through the intercostal space or rib 
bed most convenient to the diseased area. Adhesions are divided and the lung 
palpated and inspected. 

The general plan of resection is the same for all segments.. Exact knowledge, 
not only of the distribution of the arteries, veins, and bronchi to the lobes, but 
also of the points of origin and relations of the arteries, veins, and bronchi to 
the various segments, is, of course, fundamental. There are four main structures 
to be isolated'and divided in separating off each segment: the artery, the vein, 
the bronchus, and the pleura. 

In most instances the segmental arteiy is first dissected out and divided 
between silk ligatures. On the right, after the upper lobe has been retracted 
caudally and the pleura over the hilum incised, the branch to the apical segment 
of the upper lobe is easily identified as the first branch of the pulmonary arteiy 
The branch to the anterior segment of the upper lobe lies just distal to it. 0 n 
the left the trunk to the apical posterior segment is found in a correspon » 
position. All the other segmental arteries lie in the depth of the major fissure. 
To approach any one of them the lower lobe is retracted posteriorly, the 
is dissected apaif, and the pleura is opened at its base. The arteiy terminates 
by dividing into three divisions, ramifying on the left into the three segmcn 
of the basal division of the lower lobe—the anteromedial, the lateral, am e 
posterior. On the right there are four such divisions: the anterior, m ^ 
posterior, and lateral. Just above the basal divisions, on the left, die " 
branches to the lingula are found leaving the anterior surface of the pulmonap 
artery. Iu the corresponding- position on the right are two branches to 
middle lobe. From the posterior surface of the pulmonary artery the ,ra 
to the superior segment of the lower lobe arises just opposite or a few nin 

•We have adopted the nomenclature o£ Jackson and Huher. 5 
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above the origin of the lingular or middle Solve vessels. The artery to the anterior 
division of tile left upper loin 1 arises just proximal to the lingular branches. 
On tho right the branch to the posterior division of the upper lobe is situated 
on the lateral surface of the pulmonary artery, slightly proximal to the origin 
of the middle lolic and superior segmental arteries. 

The segmental vein is usually divided after the corresponding artery. 
These vessels arc not, as a rule, difficult to identify. After the lower lobe has 
been allowed to full anteriorly, and the inferior pulmonary ligament divided, 
the inferior pulmonary vein is identified. The dissection is carried distnlly along 
tlie vein to find its first bifurcation. Two tributaries of the upper division drain 
the superior segment of tho lower lobe, while tho tributaries of tho lower division 
como from tho segments of the basal divisions. The superior pulmonary vein is 
found anterior to the puhnounry hiluiu by retraction of tho lung posteriorly. 
Tho upper branch receives tributaries from each segment of the upper lobe 
separately only a few millimeters beyond the primary bifurcation. The lower 
branch of the superior pulmonary vein receives two tributaries from tho two 
segments of the middle lobe on the right or the lingula on tho loft. Dissection 
usually need only be carried a short distance out any one of these branches 
to identify -with certainty the segment that it drains. 

Tho segmental bronchus is uow identified. At times it is more easily dis¬ 
sected out after tho artery. Again it may be ligated early and divided later. 
Inflammatory tissue or lymph glands often dictate the order in which the struc¬ 
tures are taken. The scgmontal bronchos lies close to and just underneath the 
corresponding artery. Howover, ordinarily it is advisable to divide tho veiu 
before tho bronchus as the thin-walled veins lying close behind the bronchi are 
easily tom. All tho lower lobe segmental bronchi nnd those to the middle lobe 
and lingula parallel the corresponding arteries closely and are easily seen as 
soon as tho artery is divided. In the right upper lobe thero is a triple branching 
of the upper lobe brouchus about one centimeter from the origin of the upper 
lobo bronchus. Tho three divisions serving the anterior, posterior, nnd apical 
segments are approached from the corresponding side of the Mum of the upper 
IoIto. On tho loft the apical posterior bronchus and the anterior bronelilis to 
the upper lobe lie under the corresponding artery. 

When tho bronchus is dissected put, an augled damp is applied just distal 
to the point selected for its division. The bronchus is then cut imlf-way through 
and an end suture is inserted. A second, and in some instances a third suture 
is placed to tie over the end of tho bronchus. The division of the bronchus is 
then completed and the end sutures are tied. Ideally, tho stump should be 
closed near to the origin of the bronchus in order not to leave a pocket for the 
collection of secretions. All brouclii, no matter bow small, are accompanied by 
one or two bronchial arteries nnd these may require ligation. The bronchial 
stump is tested for leakage with positive intratracheal pressure and is covered 
by a flap of adjacent tissue or visceral pleura if possible. 

Tlie separation of tho segment from its neighbor is now begun. The distal 
stumps of tlie artery, vein, and bronchus are grasped -with clamps, and slight 
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traction is applied -while the anesthetist inflates the tracheobronchial tree to fill 
out the adjacent segments and delineate the exact plane between the normal and 
abnormal. If the course of the vessels and the bronchial tree of the segment 
to be removed is used as a guide, it is not difficult to tease the segment from its 
normal neighbor by blunt dissection with the finger or a gauze pledget. The 
process is made easier by continuous lubrication, and washing with saline. Any 
vein encountered crossing the cleavage plane is ligated and divided. A few 
terminal bronchioles may have to be stripped out of the- remaining surface. 
When the pleura is reached, it is cut, thus completing the resection. 



Fig. l.—The first step in the excision of the right anterior segment. The patient is tj 10 ^ &CG ' 
down position. The exposure and division of the segmental artery are il lust raven. 

Usually slight bubbling occurs from the rem ainin g segmental surface, but 
it stops with the application of a moist pad for a few minutes. Bleeding f 1 ® 1 
the surface has never been a problem. The pleural cavity is washed out "J 
abundant saline and the chest wall is closed. Two catheters are brought ou 
through the-incision for underwater drainage with suction applied at a negative 
pressure of 6 to 10 cm. of water. Care is taken to see that the remaining 
tissue is well filled out as the closure is made. 

In an earlier report, 7 illustrations were included which showed the 
ta'nt anatomic relations at the various stages of segmental resection of bo 
basal segments of the left lower lobe and the lingular segment of the left op 
lobe. .j or 

In this paper, Pigs. 1, 2, 3, and 4 show the stages of resection of the an e * 
segment of the right upper lobe. Pig. 1 shows the upper lobe retracted can a 
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exposing the superior aspect of the right iiilum. The branches of the right pul¬ 
monary artery to the superior and anterior segments of the upper lobe are 
demonstrated. Insert Fig. 1 shows the branch to the anterior segment divided. 
Fig. 2 shows the entire lung retracted posteriorly exposing the superior pul¬ 
monary vein.- The venous tributaries from the upper lobe are dissected out. 
Insert Fig. 2 shows the tributary from the anterior segment divided. Fig. 3 
shows the upper lobe bronchus at its segmental bifurcation exposed by posterior 
and inferior retraction of the lobe. In Insert Fig. 3 the anterior segmental 
bronchus is divided. Fig. 4 shows separation of the anterior segment from the 
neighboring posterior and superior segments. Insert 4 shows the preoperative 
relations of the anterior segment. 



Figs. 5, 6,7, and 8 show the corresponding stages of resection of the supeno 
segment of the left lower lobe. Fig.' 5 shows dissection in the depth of the int® 1 
lobar fissure. The left pulmonary artery and its segmental branches in 1 
fissure are seen. Insert Fig. 5 illustrates division of the branch to the, superior 
segment of the lower lobe. In Fig. 6 the lower lobe is dropped forward an 
the inferior pulmonary vein is dissected out. Insert Fig. 6 shows divisioi 
of the tributaries from the superior segment. Under the divided vein Fig- 
shows dissection of the branch bronchus to the superior segment of the 
lobe and Insert Fig. 7 shows its division. Separation of the segment is i llb 
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Fig. 3.—-Tho first step In tho removal of tho superior w'Kment of the loft lower lobe. The 
exposure 1* shown with the patient In the face-down position. The segmental artery i» exposed 
ami the Insert shows the vessel after Its ligation. 



Fig, o.—The second step In the excision of the superior segment of tho left lower lobe, Tho 
segmental vein Is exposed. 
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trated in Fig. 8 nnd Insert Fig. 8 shows the original relations of the removed 
segment. 

POSTOPERATIVE CARE 

Postoperative care does not differ from that of routine lobectomies. The 
primary concern is the maintenance of a good airway and rapid re-expansion of 
the remaining segments. Oxygen is not nsnally needed. Coughing is encour¬ 
aged to bring up secretions. Tin's is often helped by manual support of the 
chest. Transtracheal suction or less frequently bronchoscopy may be needed if 
the patient is unable to raise secretions. Signs of atelectasis aro watched for 
and promptly treated. Frequent x-ray or fluoroscopic check of the chest is 
mado to note any pnoumo- or hydrothorax. If these cannot be eliminated by 
manipulation of the tube, chest aspirations arc done. The tubes aro usually 
removed in two to threo days, hut arc kept in place if there is evidence of air 
leak or if the lung has not properly rc-cxpanded. 

SUMMARY OF HEGMEXTAJ, RESECTIONS 

From March, 1945, through April, 1947, we have carried out a total of 
seventy segmental pulmonary resections. Of these, fifty-nine were carried out 
on fifty patients for bronchiectasis, and cloven were done for other reasons. In 
tlie group of patients with bronchiectasis, six additional total lobectomies were 
carried out, making a total of sixty-five operations in those fifty patients. 


BRONCHIECTASIS 

Analysis of the patients with bronchiectasis shows an age range of 7 to 55 
years, with seven over 40 years of age. The duration of symptoms ranged up 
to 48 years. A tabulation of the frequency of involvement of each bronchopul¬ 
monary segment in this group is shown in Table I nnd reveals nearly all the 
discaso in the dependent basal segments of the lower lobes, the lingula, and the 
middle lobe. A corresponding analysis of the operative procedures in the samo 
group is shown in Table II. It will bo noted that in forty of the fifty-nine opera- 


Table I. Frequency op Involvement op Pulmonary Segments in Reported Group op 
Fifty Cases of Bronchiectasis 


lobe 

Bight uppor 
Bight upper 
Bight uppor 
Bight middlo 
Bight middlo 
Bight lower 
Bight lower 
Loft upper 
Loft upper 
Loft upper 


Left lowor 
Left lower 


SEGMENT | NO. OPERATIONS 


Anterior 2 

Superior 0 

Posterior 0 

Modial 23 

Lateral 23 

Superior 0 

Basal* 20 

Anterior 1 

Apical-Posterior 1 

Lingula 

Superior division 27 • 

Inferior division 31 

Superior 3 

Basal* __37 


. *In only one case was the dikenso limited to one basal segment. In the others there were 
or mom involved. It has been Impossible to determine accurately the extent of involve¬ 
ment of Individual basal segments In all cases. Therefore wo have grouped them together. 
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Table II. Tabulation of Fifty-Nine Segmental Operative Procedures for 

Bronchiectasis 


LOBE 

SEGMENT 

NO. OPERATIONS 

Riglit lower 

Basal group 

4 

Riglit lower 

Posterior basal 

1 

Right lower 

Basal 

13 

and 



Middle 



Right middle 


1 

and 

Right upper 

Anterior 


Left lower 

Basal 

9 

Left lower 

Basal 

22 

and 



Lingula 



Lingula 


2 

Left lower 

Basal 

4 

and 

Lingula 

Inferior division 


Left lower 

Superior 

1 

Left lower 


1 

and 



Lingula 



Lingula 


1 

and 

Left upper 

Anterior 



tions segments were removed from more than one lobe. Twenty-four of the fifty 
patients have proved bilateral broPehieetasis and thirteen have had bilateral 
operations, although only nine were segmental on both sides. 

As might be expected, an increase in complications such as difficulties with 
re-expansion and fluid accumulations were encountered following segmental 
resections. We feel, however, that certainly in the presence of bilateral disease, 
and possibly even in well-localized disease, the conservation of healthy lung 
tissue well compensated for the added trouble in aftercare. The only death in 
the group came as a result of a complication unrelated to segmental resection 
on the second side. At that time we were using fine stainless steel wire to close 
the bronchial stump. The cut end of a suture eroded through the pericardium 
into the pulmonary artery, causing a fatal hemopericardhun. The use of sutures 
of wire in segmental bronchi has been discontinued. Empyema occurred fourteen 
times, or in 23.7 per cent of fifty-nine operations. All except one patient 
required drainage and he was treated by aspiration and injection of penicillin- 
Some cases followed known air leaks and others were independent. Three times 
re-exploration was done because of persistent pneumothorax despite suction 
drainage. In two the leak was from the segmental surface and in one fiom a 
bronchial stump. The average hospitalization was, of course, prolonged. This 
represents an early experience and covers the developmental period. We are 
confident that complications 'will become less frequent with an increase in tie 
skill of carrying out the dissection. 

A large proportion of the end results (Table III) have been s'atisfaetoi)• 
Those patients who are in good health and are virtually relieved of symptoms 
are recorded as “good.’' Those with definite improvement but with some 
residual sputum are recorded as “improved." Only two are recorded as P 001, 
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TABLE III. llErtlU.TH IX flEUlIEXTAl. IlEKECTIOX OE FlETY CaHEH OP BltUXClUECTAEIB 



IJOOIt 

| IMPEOVEI) | 

poou 

1 INAJJKQI’ATE 
| FOU.OW-n’ 

Unilateral cases 

Bilateral cose* 

lb 

7 

0 

4 

Unilateral operation 

3 

4 

1 

o 

Bilatoral operation 

\ 

4 

1* 

4 


•Thlii cn ao wap thu poptoponilive ileuth. 


One of these was the patient who died postoperativcly. Ten are recorded as 
inadequately followed bcfiiu.sc recent information is not available or they have 
been operated on within the last three months. As would bo expected, the best 
results are found among those with unilateral involvement: sixteen are good, 
seven unproved, and none poor. Among the bilateral eases with only unilateral 
operation, three are good, four improved, and one poor. Improvement in this 
group is expected when second operations are completed on some of those not 
completely relieved of symptoms. Of the hilatoral eases with bilateral operation, 
four arc good, four improved, and one unimproved. The results with unilateral 
operation for bilateral disease appear comparable to those with bilateral opera¬ 
tion because two patients with minimal contralateral disease arc completely 
relieved and another is improved by a unilateral operation. The numbers are 
of course not statistically significant. 

SEGMENTAL OPERATIONS EOrt LESIONS OTIIEB TILIN' BRONCHIECTASIS 

Segmental resections for lesions other than bronchiectasis have been done 


eleven times for the following: 

Tuberculosis 4 

Chronic lung abscess 3 

Pulmonary cyst 2 

Benign tumor 1 

Metastatic tumor I 


These are of sufficient interest to warrant brief abstracts: 

Case 1 . —E. 31. wnt» a 4 u-yenr-old woman with a known history of tuberculosis dating 
back to 1030. An examination because of pain in the left ahouldor and weight loss of forty- 
four pounds revhiled a tuberculoma in the loft upper lobe. At operation on Jam 11, 1940, 
the lesion was resected with the posteroapical segment of tho left upper lobe. No thoraco¬ 
plasty was done. Sho did well for saveral months but developed bilatoral reactivation which 
has, however, responded to sanatorium treatment, and she was in good condition in April, 1947. 

Care 2.—G. F., u 39-year-old man with a history of tuberculosis dating back to 1942, 
had a largo cavity in tho left upper lobe. There wna littlo reaction around the cavity and 
no evidence of disease elsewhere. The lesion with the posteroapical segment wua resected 
March 8, 1940. He developed contralateral and ipsolateral spread postoperatively, and then 
a tuberculous empyema and bronchopleural fistuln. Druinago, thoracoplasty, and attempted 
closure of tho fistula wore dono April 15, 1040. Despito a prolonged courao his general 
condition Is now good, his sputum is negntivo, the fistula closed, and the chest wall is healed. 

Care 3.—D. J, t a 24-yeur-old woman, gave a five-year history of bilatoral taljcrculosis. 
The left-sided disease was quiescent but the right upper lobe contained multiple cavities 
which did not close despito a good pneumothorax, On. Dec. 19, 19-15, tlie right upper lobe 
was resected together with it nodular superior segment of tho lower lobe. This wne followed 
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by a thoracoplasty Feb. 19, 194G. Posfcoperatively a small pyogenic empyema developed 
which responded to aspiration and penicillin injections. A period of sanatorium care followed 
and she was last reported in excellent condition in February, 1947. 

Case 4.—J. S., a 32-year-old woman, gave a nino-year history of tuberculosis. Cough, 
positive sputum, and weakness persisted. She had a contracted right upper lobe and the 
superior segment of the right lower lobe under a pneumothorax. On bronchoscopy gross 
disease was noted in the right upper lobe bronchus. The right upper lobe and superior seg¬ 
ment of the lower lobe were removed Oct. 2, 1945. The pathologist reported fibrocaseona 
tuberculosis without cavitation. Thoracoplasty was done in November, 1945, in two stages. 
No complications occurred until several months later when a short febrile episode was relieved 
by coughing up some purulent material probably from a stump abscess. Her condition was 
reported as excellent in February, 1947. 


Case 5.—E. Q. was a 40-year-old woman with a history of repeated hemoptyses. Appro¬ 
priate diagnostic study showed a chronic lung abscess which was removed on Jan. 21, 1916, 
by resection of the superior division and the posterior and medial basal divisions of the right' 
lower lobe. The postoperative course was uneventful and she was in excellent health when 
last seen just one year later. The pathologic report was actinomycosis. We would have 
hesitated to do a segmental resection had the etiology been known. 


Case (1.—G. B. was a 34-year-old man with a nine-month history of cough, expectoration, 
and hemoptysis, in whom a diagnosis of chronic lung abscess was made. The inflammatory 
tissue was removed by segmental resection of the superior segment of the right lower lobe 
and the posterior segment of the right upper lobe on Nov. 16, 1945. He developed a medias¬ 
tinal empyema which was drained on a second admission on Jan. 10, 1946. When last seen 
Nov. 14 , 1946, his condition was excellent. 


Case 7.—J. L. was a 39-ycar-old man with a five-month history of chronic lung abscess 
and corresponding findings. The right upper and middle lobes were resected together with 
the superior segment of the right lower. He developed a fulminating bilateral pneumonia 
on the fourth postoperative day and died. 


Case 8.—A. M., a 39-year-old man, complained of incapacitating progressive dyspnea 
following an injury. S-rays showed a bullous cyst seven" inches in diameter, filling the 
upper chest. At operation Feb. 18, 1947, this was found in the posteronpical segment o 
the left upper lobe. A segmental resection was done and the normal lung decortica 
There were no complications and lie was restored to normal health two months later. 


Case 9.—J. It., an 18-year-old boy, complained only' of hemoptysis. A cavity with u *^ 
thought to be an abscess in the superior division of the right lower lobe was drained, 
operation May 1, 1947, it proved to be a pulmonary cyst in the posterior segment of 
right upper lobe; it was removed with this segment. The postoperative course was uneven 


Case 10.—W. F., a 52-year-old man, complained of dyspnea and wheeze. By x raj ^ 
tumor was demonstrated in the superior segment of the left lower lobe. It proved at opera i 
Jan. 25, 1946, to be a hamartoma, and was removed by segmental resection. Eight mo 
later be was in normal health. 


Case 11.—A. T., a 29-year-old woman, complained of chest pain and hemoptysis. 
demonstrated a tumor in the lingula. What wns diagnosed as a myxofibroma was rem 
from the heel in 1942. At operation April 29, 1946, a tumor was removed with the 1 ^ 
The microscopic diagnosis was liposnreoma. No operative complications occurred. - 
asymptomatic, a second metastasis was found and removed Jan. 17, 1947, from the meu 
tinum. The patient was in good health in April, 1947. 


ineiit 


SUMMARY AKD CONCLUSIONS 

Our experience with a new method of resection of the pulmonary se, 
has now been extended to seventy operations. Fifty-nine were for brouc nee 
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nnd eleven for other conditions. The method consists essentially of isolating 
and dividing the artery, vein, nnd bronchus to the segment, which is then 
gently tensed from its neighbor. The pleura is divided as the final step. The 
importance of conserving all normal bronchopulmonary segments has been 
brought out. Among tho group with bronchiectasis, the complications have been 
grenter than in total lobectomy. However, tho end results have been satisfactory 
in the great majority of all groups of patients. We therefore feel that certainly 
in a patient with bilateral disease, segmental resection saving all normal seg¬ 
ments is not only justified, but to eonservo all possible respiratory function is 
obligatory. Even in well-localized unilateral bronchiectasis the conservation of 
normal lung may justify the increased morbidity. In chronic inflammatory 
processes such as chronic lung abscess or tuberculosis, our limited experience 
does not warrant a conclusion and we are hesitant to recommend it at present. 
In noninflammatory processes such as cysts nud benign or metastatic tumors, 
a few experiences Imvo been without complication. AVc arc hopeful of develop¬ 
ing a satisfactory method of scnling the raw surface after segmental resection. 
Pleural flaps, fibrinfoam, or gelatin sponge sheets are possible substances which 
may bo eventually found satisfactory for the purpose. 
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DISCUSSION 

DR, RALPH ADAMS, Boston, Mass.—I riso to restate certain historical facts about 
the technical development of segmental pulmonary resection. 

This teehniquo, so beautifully illustrated by a recent articlo by Overholt nnd Longer, 
and described hero today by Overholt, Betts, and Woods, was taught to mo by Dr. Edward 
Churchill of Boston in 1938. Dr. Churchill bogan his segmental pulmonary resection work 
m 1937, just ten years ago. Most of you, no doubt, remember tho nrticlo by Churchill 
and Belgey about that time. 

By 1038 the principles of conduct in resecting a division of the lower lobo or a 
Re S Tnen t othor than the lingula of tho uppor lobe were established and placed In practice 
by Dr. Churchill. After leaving my assistnntship with him at the Massachusetts General 
Hospital in 1041, I havo had opportunity to apply tho method in thirty-one cases in the 
New England Deaconess and Baptist Hospitals. 

In seventy-threo cases of broncldectasis, a segmental pneumonoctomy of various 
typ«s was done in thirty-one coses. In the seventy-three cases there were six Instances 
°f bronchial fistula with empyema. Four of thoso occurred in the segmental resections; 
they all healed spontaneously. The two that failed to heal spontaneously wore not in 
wgmental types of resection. 
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In the seventy-three cases there has been no hospital mortality, and, fortunately, 
no subsequent mortality. 


DR. DAVID H. WATERMAN, Knoxville, Tenn.—Shortly after Dr. Overliolt first 
began using this technique of peeling the segmental portion to be removed away from the 
hilus, I became interested in it at his suggestion. We have had a much smaller series, only 
about one-third of his, but have been very enthusiastic about the procedure, and have felt 
that it has a very definite place. 

We feel very strongly' that it is a fundamental concept in surgery to preserve all 

normal tissue possible. Certainly this is true of the lung. We do not know when the 

patient is going to need that conserved lung tissue later. I think that it is well worth 
the extra effort and trouble to save it. 

At this stage of the game, we also feel that if we can become proficient enough at 
resecting these segments in the good-risk patient, we will later be able to take care of 
severe bilateral bronchiectasis patients who would otherwise be inoperable if the un¬ 
involved segments were not saved. In our own experience we know we have gotten through 
a number of patients who could not have survived complete lobectomy' with its resultant 
loss of functional tissue. 

We have not used the operation in children before the age of puberty, feeling that 

probably the additional risks, both in length of surgery and in complications were not 

warranted, since the normal hypertrophy of lung tissue coincident with'chest enlargement 
would compensate adequately. 

We have never bothered to use it on middle lobes or in tuberculosis patients, hut have 
used it in lung abscesses, particularly' in removing the apex of the lower lobe. 

We agree there are more complications, as Dr. Woods has pointed out. We have had 
the same trouble he has had with leakage from the denuded surface. Oxvcel-gauze left in 
place has been of aid. 

We have also had a little more trouble, I think, with atelectasis of the remaining 
segments of the operated lobe. The first case we did, in which we preserved a superior 
segment of a lower lobe, required two bronchoscopies postoperatively. The lower lobe 
would drop down, kink, and become atelectatic, but would aerate after bronchoscopy. Sii 
sequent to that time, when we have preserved a superior segment of a lower lobe, we hn'e 
placed sutures along the fissure to keep it in place. Since then we have never had this 
complication. 

One important step in technique, and I know Dr. Overholt and his associates buIi 
scribe to it, is the ligation of the bronchus as close to the preserved branch as possi 
On our third case, in removing basilar segments of the lower lobe, we ligated too o , 
leaving a stump below the superior division. The patient, although clinically much en 
ftted, had a massive hemoptysis some months after surgery. We were in the embarrass 
position of having to operate again to remove the stump. 


DE. PAUL C. SAMSON, Oakland, Calif.—Anatomic segmental resection and its 
cal refinements, such as have been demonstrated today' are, I believe, a definite a 
in the treatment of bronchiectasis. 


i it this 


In the past few months, Dr. Dugan and I have had the opportunity' of using ^ 
technique in some fifteen cases. All were for bronchiectasis, except one for chrome 
abscess in an apical segment of the right lower lobe and one for tuberculosis, m w 11 
right upper lobe, middle lobe, and the apical and subapical segments of the lowe 
were removed. 

I believe it will be of interest to show two films which demonstrate the fact 
bronchograms must be made with great accuracy' if we are to delineate these segno- 

(Slide.) Shown here is an example of a probable post-abscess bronchiectasis,^ ^ 
ordinary frontal view. The exact location of the bronchiectasis cannot be told ro ^ 
projection, but in the lateral view' it is obviously in the apical (or superior) se B n 
the low'er lobe. 
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In bronchography, I think ono should stress—when wo oro doliuenting segments—-that 
the lateral roentgenogram is only of value when one side is filled at u time. 

(Slide.) This Is a particularly good demonstration, ns was shown in tho movio, of 
what happens to an apicul segment‘when it distends following disenso and shrinkage in 
the basal segments. Wo see again a small amount of bronchiectasis in the lower lobe on 
the right side. In the lateral projection we sco thnt it is limited to the basal segments, 
and horo is a largo apical segment which occupies, us you can see, n very considerable pro¬ 
portion of the lower section of tho chest. Kven though it was a one-sided lesion, in an 
effort to increase our tcchuicnl ability, a segraontul resection of tho basal segments was 
done, and this apical segment expanded very well, and on the tablo reached the diaphragm. 

As tho essayists have pointed out, the complications are somewhat more frequont 
if segmental resection is done. We have not found that they have been particularly 
serious, hut one must expect a slightly increased number of pntients who havo excessive 
secretions in their bronchial tree following operation, n slightly increased number of 
patients who have minor air leaks, and, l believe, a definitely increased number of localized 
empyemas. 

In a series of over 160 consecutive lol>cctomio8 which Dr. Dugan and I have done, wo 
have had five empyemas in the total series. Three of thoso wero associated with the group 
in which segmental resections wore done. 

DR. F. M. WOODS, Boston, Mass.—We havo not, as I said, had particular difficulty 
with re-expansion of tho remaining segments. However, on a number of occasions we 
have had to do bronchoscopies for transient utolectasis or for pationts who had difficulty 
in raising secretions. The obvious defect in this procedure, of course, is the raw surface 
which is left aftor the segmental resection, and it is to bo hoped that in the future some 
satisfactory mothod will be devolopod to cover this so that leaks and tho egress of infec¬ 
tion from tho trncheobronchiul troo can be satisfactorily taken rare of, and convert this 
into un operation as safo as a total lobectomy. 



EXPLORATORY THORACOTOMY IN THE MANAGEMENT OP 
INTRATHORACIC DISEASE 

Colonel John B. Grow, 0 Medical Corps, Regular Army, 

Major Martin L. Bradford,! j\1edical Corps, Army of the United States 

(by invitation), and 

Colonel Hugh AY. Mahon,! Medical Corps, Regular Army (by invitation) 

D URING recent years mass x-ray surveys have been extended by both govern¬ 
mental and private agencies to the point that there is scarcely an individual 
in the United States who lacks the opportunity to have a chest examination by 
x-ray. The experience gained from such studies indicates that among appar¬ 
ently normal working adults, approximately 1.4 per cent are found to give x-ray 
evidence of reinfection tuberculosis and one in eighty-nine show abnormal noil- 
tuberculous findings. Studies of consecutive hospital admissions reveal that 
8 to 10 per cent of patients admitted to a hospital have evidence of thoracic 
disease. 

It is apparent that this means of discovering pathologic lesions in appar¬ 
ently healthy persons at a stage prior to the onset of symptoms presents an 
exciting opportunity to chest surgeons for the early diagnosis and treatment of 
malignant neoplasms. It is at the same time a challenge to the medical profes¬ 
sion to clarify its ideas concerning differential diagnosis and treatment of iutra- 
thoraeic lesions. Time is precious and procrastination is disastrous. Each 
clinical problem must be approached in an orderly way and brought to definitne 
treatment as expeditiously as possible. It is the purpose of this communica¬ 
tion to discuss the information derived from accepted methods of differential 
diagnosis and to evaluate the place of exploration of the thorax in the manage¬ 
ment of obscure lesions of the chest. 

experience 

During the period between September, 1942, and April, 1947, there veie 
200 exploratory thoracotomies of the chest'performed for obscure iiitrathoracic 
disease at Fitzsimous Geueral Hospital, Denver, Colo. Table I shows rfe 
location of the lesions explored and indicates the number and percentage 
malignant tumors discovered. Table II reveals the pathologic diagnoses of e 
tissues removed. ^ 

The patients in this series were predominantly male and approximately 
per cent were men in service in 'AYorld AYar IT. The other 10 per cent " ere 
veterans of AYorld AYar I. (See Figs. 1 to 19.) 

From the Surgical Service of Fitzsimons General Hospital, Denver, Colo. thoracis 

Read at the Twenty-Seventh Annual Meeting of The American Association for 
Surgery, St Louis, Mo.. May 28, 29, and 30, 1947. 

•Chief of Surgical Service, Fitzsimons General Hospital. 
tClrief of Chest Surgery Section, Fitzsimons General Hospital. 
jChlef of the Laboratory Service, Fitzsimons General Hospital. 
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TAIILC I. KxrLOUATOilY TllOllACOTOMY 


LOCATION OK LESIONH 

l m l 

1 CABIN | 

NO. 

MALIGNANCIES 

| PEll CENT 

L Mediastinal 

73 

12 

1G.4 

JX Intrapulmonary 

133 

2D 

25.0 

IIL Estropulmonary (Exclusive of mediastinal 
nnd vascular) * 

8 

2 

25.0 

IV. Heart and great vessels 

G 



Totul 

200 

43 

21f> 


Table XI. ExrumATonv Tuouacotomy 


PATixoLooicr piagnobis _ 

I. Mediastinal Lesions 

A. Lymph node* 

1. Hodgkin's 

2. Lymphoma, giant follicular hyperplasia 

3. Boeck’fl wircolil 

4. Tuberculous lymphfldenopathy 

5. Mcdiastinitis 

B. Congenital cysts 

1. 3)ormoId 

2. Tcrntatun 

3. Pericardial celomic 

4. Bronchial 

5. Esoplmgcnl 

C. Acquired cyst 

1. Cystic homatonm 

D. Tumors 

3. Connective tissuo 

2. Neurogonic 

3. Thymic 

4. Esophageal 

5. Primary carcinoma 

E. Introthora’cio goiter 
H. Intrnpulmonary Lesions 

A. Tuberculosis 
3. Active 

2. Tuberculoma 

B. Bronchogenic tumor 

3. Mullgnnnt 

2. Benign 

C. Ilumartoma 

D. Primary sarcoma 

B. Metastatic enreinoma and sarcoma 

F. Amoebic abscess 

Q. Congenital broncho genic cyst 
1L Parasitic lesion 

3. Taenia echinococcus 

I. Fungus lesion 

1. Actinomycosis 

2. Blastomycosis 

3. Coccidioidomycosis 

J. Pneumonitis 

K. Atclectusi* 

L. Aneurysm 

M. Interlobar empyenui 
' H. Apical empyomu 

HI. Extrnpulmonary Loelons 

A. Pleural malignancy 

B. Liver abscess 

C. Diaphrngumtic hernia 
B. Tumor of dinplirag m 

E. Tuberculous granuloma of pleura 
IV. lleart and Great Vessel Lesions 

A. Aneurysm of heart 

B, Aneurysm of great vessels_ 


NUMBEK 

73 


1 

G 

8 

G 

3 

n 

s 

7 

3 

3 

4 
fi 


1 

5 

1 

113 

40 

10 

24 

20 

24 

5 

1 

1 

1 

1 

33 

3 

3 

2 

1 


33 
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PilJ. 5. Ktj; fi. 



Fig. 7. Klff. 8. 

I ntn» pulmonary Lewlona, Benign 

Etff. 5.—CoccilUoIdomycotlo grnnulomn. 

Elff. 6.—Venomi aneuryimi. loft Inferior pulmonary vein. 

El*- 7.—Congenital bronchogenic cy*C 
Elg. 8.—I’amiitlc leclon taenia echlnococcu*. 
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IURTOHY ASH PHYSICAL EXAMINATION 

The studies of (lebauer"' indicate that the .symptoms of bronchogenic enr- 
, einonm have tlieir onset early in the disease. However, the impression gained 
from this group of eases is that the symptoms of thoracic neoplasms are oither 
absent or of such low intensity early in the disease that they are of negligible 
value either for'causing the. patient to consult his physician or for impressing 
tho physician with the seriousness of the malady. 

Except for the fortunate patient who develops bronchial obstruction with 
secondary pulmonary suppuration early in the disease, physical examination is 
nut contributory until the patient has reached the stage where he is of interest 
only to the statistician und the pathologist. In an occasional case, a localized 
wheeze or segment of atelectasis may prove extremely valuable in directing at¬ 
tention to an early lesion. In the presence of mediastinal enlargement, enreful 
examination of the superficial lymphatics may reveal an eniurgod node which 
by biopsy may indicate the diagnosis. 

. I.AUOUATOUY EXAMINATION 

Studies of bronchial secretions stained with the Papanicolaou stain 5 indi¬ 
cate that a high percentage of pathologic diagnoses of bronchogenic cancer can 
be made by those trained in this technique. For example, Clerf and Herbut” 
were able to make a positive diagnosis in 82.4 per cent of a series of fifty-seven 
cases of proved bronchogenic carcinoma in which bronchoscopie biopsy was posi¬ 
tive in only 42.1 per cent. The ability to differentiate malignant from non- 
mnlignunt cells in sucli stained smears is difficult to .acquire, but with added 
experience this technique should prove to be n valuable addition 10 our diagnos¬ 
tic armamentarium. 

The laboratory diagnosis of tuberculosis, coccidioidomycosis, histoplasmosis, 
infectious mononucleosis, nnd blood dyserasiu is mentioned because such tests 
may assume an important place in the differential diagnosis. Tests of this 
type do not exclude tumor since a malignant neoplasm may he associated with 
any of the conditions noted previously. Ncgativo tests frequently assume con¬ 
siderable importance in excluding these conditions which are frequently mim¬ 
icked by malignant new growths. 

HO EX TO EN DLAONOSW 

As Overholt' 11 has said so succinctly, “Surveys find but do not necessarily 
identify disease.’’ In spite of fluoroscopy, position studies, stereoscopic roent¬ 
genograms, Potter-Bueky technique, laminographs, und diagnostic pneumo¬ 
thorax, roentgenography can do little beyond placing the lesion in certain pat¬ 
tern groups and localizing its position. Exceptions are the dermoid cysts con¬ 
taining a dental ridge with teeth, diodrast visualization of the great vessels, 
and diaphragmatic hornia demonstrated bv diagnostic pneumoperitonoum. 

Circumscribed Lesions .—Numerous authors have pointed out the potential 
malignancy of the circumscribed intrapuimonnry lesions. Cancer is present 
frequently enough that every such lesion must bo considered malignant until 
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proved otherwise. All lesions belonging to this group are sharply circum¬ 
scribed, located in the periphery of the lung, globular in form, and entirely 
without diagnostic characteristics. It is only when another physician lias erred 
that one has the opportunity to study serial roentgenograms to determine growth 
characteristics. Lesions of this type located near the diaphragm present a 
special differential diagnostic problem as diaphragmatic hernias containing liver 
or omentum must also be taken into consideration. 

Of our 200 cases, 79 were lesions of the mediastinum, heart, and great ves¬ 
sels. Of the remaining 121 cases, exploration was carried out in 86 for cir¬ 
cumscribed lesions. Round tuberculous foci constituted the largest segment of 
this group and accounted for 37 cases. Intrapulmonary fluid-filled bronchogenic 
cysts of which there were 13 cases were third in frequency. There were three 
coceidioidomycotic granulomas. Three diaphragmatic hernias were not diag¬ 
nosed preoperatively because they contained no hollow viscus and pneumoperi¬ 
toneum was not carried out. Two liver abscesses produced circumscribed shad¬ 
ows in the region of the right diaphragm. There was 1 echinococcus cyst and 1 
arteriovenous aneurysm. Of 30 intrapulmonary malignant tumors diagnosed 
by operation, 18 were classified as round, circumscribed lesions from the roent¬ 
genograms. Of these 18 cases, 4 were adenomas, 1 was a primary pulmonary 
sarcoma, and 13 were bronchogenic carcinomas. In addition, there was 1 angio- 
endothelioma of the diaphragm and 1 pleural carcinoma which presented smooth 
circumscribed outlines. Prom this group of 86 circumscribed lesions there were 
20 malignant tumors, or 23 per cent. 


Atelectasis .—'The “pie-piece" or pyramidal shadow of atelectasis with or 
without evidence of pulmonary suppuration is typical only of bronchial ob¬ 
struction which may be caused by cancer, adenoma, foreign body, benign bron¬ 
chial tumor, tuberculous bronchitis, nonspecific granuloma, cicatricial stenosis, 
or extrinsic pressure on the bronchus. Bronchograms, in such cases, show the 
point of bronchial obstruction but not its cause. 

In this group there was a total of 35 cases. Of these, 16 were due to non¬ 
specific pneumonitis or benign bronchial stenosis. There 'were 3 cases of tuber¬ 
culosis with segmental atelectasis which were not diagnosed preoperatively be¬ 
cause the bronchial obstruction prevented recovery of the tubercle bacilli fiom 
the sputum. There was 1 case of obstruction of a tertiary bronchus by a be 
nign squamous papilloma. The most significant cause of bronchial obstruction 
was bronchogenic carcinoma which comprised 11 cases, or 31 per cent. 


Mediastinal Tumors .—-With the exception of dermoid cysts containing 


teeth 


- » — 11 A null V/ l. llVy M. IWUAVA -- « 

previously mentioned, there is little characteristic of the roentgen appearance o 
the various types of mediastinal tumors. The position and relationships of t 
tumor are valuable from a percentage standpoint but cannot identify indivn 
tumors. The smooth outline of a mediastinal cyst or tumor may be con usee 
with a similar outline of a malignant lymphoma or a Boeck’s sarcoid. The P os 
teriorly placed circumscribed mass may appear to be a neurofibroma or an eso¬ 


phageal cyst but may in reality be an aberrant thyroid adenoma or a 


broncho¬ 


genic cyst. 


(See Table III.) 
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Table HE. Hoextoex Appearaxci: 
(|J00 Cases of Kxplomtory Thomcotoniy) 


NUMBER 

teh cu>rr 

NUMBER 

PER CENT 

I. Circumscribed Lesions of Pulmunurv Pnronclivnui 



SO 

43.0 

A. Round tuberculous foci 

.17 

41.0 



1. True tuberculoma, -4 





2, Caseous tuberculosis, 11 





1. Tuberculous gmnulonm, - 





B. Fluid-filled bronchogenic cyst 

11 

15.1 



C. Coceidioldoruycotic fjrunuloma 

1 

1.4 



I). Diaphragmatic hernia 

1 

1.4 



E. Liver abscess 

2 

2.3 



F. Echinococcus cyst 

1 

1.2 



G. Arteriovenous nneurysm 

1 

1.2 



11. Hamartoma. 

1 

1.2 



I. Metastatic sarcoma 

1 

112 



J. Actinomycosis 

1 

1.2 



K. Asymptomatic empyema 

,'S 

1.4 



L, Primary malignancy 

2D 

21.0 



If. Atelectasis 



15 

17A 

A. Clmmic nonspecific pneumonitis 

id 

45.7 



B. Tuljcrculosis 

1 

SA 



C. Benign squamous papilloma 

1 

2.S 



D. Amoebic abscess 

1 

2.S 



E. Actinomycosis 

1 

2.8 



F. Blast oinvcosis 

] 

2.8 



G. Empyema 

1 

2.8 



11. Bronchogenic cnicinoma 

11 

11.4 



IIL Mediastinal Lesions 



73 

30A 

A. Benign 

01 

81.5 



B. Malignnnt 

12 

10.4 



r\ r . Heart and Great Vessels 



a 

1.0 

A. Benign 

0 

100 




BRONCHOSCOPY 

The medical literatim; in replete with reports indicating that bronchogenic 
eareinoma can lie diagnosed bronehoHcopienlly in 70 to 90 per cent of eases ut 
some time during the life of the patient. However, the limitations of bronchos¬ 
copy in the diagnosis of the early lesions have not been sufficiently emphasized 
A recent siirvoy of 100 consecutive eases of cancer of the lung in our hospital, 
proved by surgical removal of the lesion or autopsy, has shown that the primary 
lesion was loeuted in the bronehoseopieally visible poition of thu bronchial tree 
in 13 per cent of the eases. In f>7 of the 100 eases tho primary lesions could 
not have been seen or biopsied by bronchoscopy. 

Bronehoseopieally proved eases of lung cancer aro less frequently resectable 
than tho peripheral lesions. Koletsky'" hits called attention to the fact that tho 
anaplastic epithelioma (small or ont-eell enreinomu) involves the stem bronchus 
in 70 per cent of the cases and Ls most readily diagnosed bronehoseopieally. 
There is no record in tho medicul literature of a cancer of this typo being cured 
by pulmonary resection. Of the squamous-cell carcinomas, Oebuuer 10 noted that 
19 per cent originate in the upper lobe or small branch bronchi where they are 
not accessible for biopsy until lute. This type is tho tumor most favorable for 
resection. Lindskog 1 ' recently reported a series of 100 bronchogenic carcinomas 
of which all but 32 wore considered inoperable. Of the 32 patients explored, 
there were positive lmmehoscopie biopsies in only 12 eases, or 37 per cent. 
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In 12 cases, resection was carried out and of these only 2 had a preoperative • 
bronchoseopic biopsy. In Gebauer’s series a positive bronchoscopic biopsy was 
obtained in only 17 per cent of the resectable cases of bronchogenic carcinoma. 

Of the 44 cases of pulmonary carcinoma resected in our hospital during the 
period of this report it was possible to make a preoperative bronchoscopic diag¬ 
nosis in 20, or approximately 45 per cent. From these facts we conclude that 
a positive bronchoscopic diagnosis can be made in less than one-half of the 
operable cases of lung cancer. 

In the so-called bronchial adenomas, Holley 14 reported 38 eases in which 
all but 6, or approximately 85 per cent, were discovered by bronchoscopic exam¬ 
ination. 

We have seen 12 cases of this type during the period of this report and 
were able to diagnose 7 of them bi‘onehoscopically. It would appear that ade¬ 
nomas are more frequent in the stem bronchi and that the bronchoscope is quite 
efficient for their discovery. 


DLVGXOSTIC X-RAY THERAPY 


Thoracic physicians and surgeons agree, in general, that the use of diag¬ 
nostic x-ray therapy for possibly removable intrathoracic neoplasms is distinctly 
harmful since many malignant tumors do not respond to irradiation and, in 
those that do improve, the malignant nature of the lesion has been established at 
a cost of a loss of valuable time. A consistent exception to this policy has been 
made in those lesions suspected of belonging to the lymphoblastoma group, hi 
the past, a response to a “test dose” of x-ray therapy was considered as suf¬ 


ficient diagnostic proof to call the lesion “ malignant lymphoma” with its grave 
prognostic significance. Exploratoiy thoracotomy was considered too extensive 
a procedure to justify a diagnosis by pathology". The risks of thoracic explora¬ 
tion have now decreased so sharply' that yve are re-examining this subject, h 
has been our experience that the slight risks involved are far outweighed b} 
the benefits to the patient of a diagnosis based on the histology' of the lesion, 
prompt institution of a proper therapeutic regimen, and an increase in h’ e 
physician’s knowledge of the nature of the lesion. 


Histology and X-ray .—When confronted with lymphadenopathy apparent J 
confined to the mediastinum, one must consider various forms of lymphoma • 
giant follicular lymphoma, reticulum-cell sarcoma, lymphosarcoma, and Ho g- 
kin’s disease, as well as the mediastinal cysts and tumors, tuberculosis, histo¬ 
plasmosis, sarcoidosis, carcinoma, chronic inflammation, infectious mononucleosis, 
syphilis, leucemia and certain other conditions. 

_ m • rp | ^ ^ 

All members of this group are to some degree sensitive to irradiation, 
results of irradiation, however, vary within wide and unpredictable limits, 
is best illustrated by Hodgkin's disease, in which certain types with a high con 
nective tissue content are almost entirety radioresistant while other types P 11 ^ 
eipally lymphocytic in origin respond dramatically to a very small amount o^ 
irradiation. Blades 4 has stated that 750 K. constitutes an average test 0SL 
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but cslimutcs tlmt one-fourth to one-third of rases of malignant lymphoma re¬ 
quire ns much us 1,500 11. to uffeet the tumor. We have recently seen n case of 
proved mediastinal Hodgkin's disease in which the mediastinal tumor continued 
to increase in size while the patient was getting a full therapeutic dose of x-ray 
therapy. Response to x-ray irradiation would therefore seem an extremely 
slomlcr reed upon which to rest a diagnosis with the prognostic significance of 
uny of the lymphoblastoma group. 

A favorable response to irrudiution is by no means a characteristic limited 
to the malignant lymphomas. Certain tumors of the thymus, indistinguishable 
roentgenographienlly from the lymphoblastoma group, are quite sensitive to 
x-ray therapy. These tumors may he quite lute to metastasize und offer an 
opportunity for cure if recognized at an rally stage and removed by surgery. 
A response to x-rav in such cases leads.not only to an erroneous diagnosis but 
also may mean the loss of opportunity for complete surgical removal of the 
lesion. 

Ill sarcoidosis, rapid spontaneous remission may cause large masses of 
mediustinnl nodes to decrease until they arc hardly visible. Should such an 
occurrence coincide with a period of x-ray tln-rapy and thereby inspire a diag¬ 
nosis of radiosensitive lymphoblastoma, the implications are dangerously evident. 

Ihtzarih .—Following therapeutic irradiation, normal elcavuge planes arc 
fibrosed and distorted to the point that surgicu! removal of the lesion is vastly 
more difficult. This, of course, varies with the amount of therapy given. Since 
no general agreement has Isnui reached as to what constitutes a “test dose,” 
2000 It is frequently exceeded. In such instances, attempts at surgical removal 
of tho lesion become distinctly hazardous. 

Following x-ray therapy, an accurate histologic diagnosis from stained sec¬ 
tions of the lesions is usually not isissiblc because of the cytolytic effect of the 
irradiation which may have destroyed the ehnrnvteristie eelLs on which the 
diagnosis rests. 

Localized Lymphoma .—The diagnosis of any type of lymphadenopathy must 
rest on u properly executed biopsy. When the mediastinal involvement is part 
of a generalized disease, a peripheral node may easily be taken for this examina¬ 
tion. While it is true tliut the superficial lymph nodes ure sooner or later 
almost invariably involved, at the beginning the disease develops in the nodes 
of a single region; then during subsequent exacerbations it spreads to other 
groups of lymph nodes. This first or localized stage of a malignant lymphoma 
"iny originate in any sot of nodes, but usually involves an internal group. 
Syntmen»“ stated tlmt primary enlargement of abdominal or of abdominal and 
thoracic nodes combined is ten times more common than primary- enlargement 
of cervical nodes. Ewing* supported this view, adding that the superficial nodes 
which first, attract attention are merely the outlying portions of an internal 
lesion. During this first stage, the most common site of deep adenopathy is the 
mediastinum. Enlarged mediastinal nodes are readily demonstrated by routine 
roentgenograms of the chest and this often offers the opportunity for early 
dingnosis and institution of therapy. Too frequently this opportunity is last 
by procrastination. 
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THE RISKS OF EXPLORATORY THORACOTOMY 

As would be expected, the risk of surgical exploration of the chest Is de¬ 
pendent upon the therapeutic portion of the operation. There were no deaths 
in this series attributable to exploration per se. Eight deaths occurred in the 
200 cases reported here as a result of postoperative complications. Of these, 5 
were in pneumonectomies performed for cancer, 3 of pulmonary edema and 2 
of bronchopleural fistulas. One additional death from pulmonary edema oc¬ 
curred following pneumonectomy for blastomycosis. There was 1 death in the 
56 lobectomies reported in this series, this due to bronchopleural fistula. The 
remaining death was due to massive hemothorax from an inoperable neurogenic 
sarcoma. . . 

In addition to the postoperative complications noted here, there were 12 
pleural effusions requiring from one'to three thoracenteses, 5 eases of atelectasis 
treated by bronchoscopy, 3 minor wound infections, and 4 empyemas. 

SUMMARY AND CONCLUSIONS 

Mass x-ray surveys have vastly increased the opportunities for early dis¬ 
covery of thoracic lesions, frequently prior to the onset of symptoms. This 
presents a challenge to thoracic surgeons to make an early diagnosis. The 
conservative diagnostic measures should be employed as expeditiously as pos¬ 
sible, recognizing their limitations, but in obscure cases early thoracic exploration 
is indicated. 

We present 200 cases of exploratory thoracotomy performed for the diag¬ 
nosis and treatment of obscure intrathoracic disease. In this series of consecu¬ 
tive cases, malignant tnmol's occurred in 21.5 per cent, or approximately 1 iu 5 
cases. 

The limitations of bronchoseopie diagnosis have been emphasized and evi¬ 
dence presented to show that, in resectable cases, positive bronchoseopie biopsy 
can be expected in less than 50 per cent of the lesions. Therefore a negative 
bronchoscopy is of no value ip excluding intrathoracic neoplasm. 

The accepted practice of using x-ray therapy as an adjunct in the diagnosis 
of malignant lymphomas is condemned because: 

1. All malignant lymphomas do not respond to x-ray therapy. 

2. Many benign lymphadenopathies and resectable malignant lesions of 
the thymus do respond to irradiation and would lead to an erroneous diagnosis. 

3. There are indications that the prognosis of localized mediastinal l) nl " 
plioma is improved by combined resection and irradiation therapy. 

4. The prompt establishment of a histologic diagnosis expedites initiation 
of treatment. 

Of the S6 circumscribed parenchymal lesions, 20 were found to be nialig 
nant. This emphasizes the necessity of early exploration in undiagnosed lesions 
of this type. This course is further indicated for the definitive treatment o 
the circumscribed benign lesions. 
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Of 95 cilsch of chronic pulmonary suppurative diseases due to itiiexjdaiuutl 
bronchial olistruetiou, Ml per rent were found to lie eattsed by bronchogenic 
carcinoma. Pulmonary resoetion is the treatment of choice for both hciii^n and 
malignant chronic pulmonary suppuration. 

The risks of exploratory thoracotomy depend on the therapeutic portion 
of the operation. There was no mortality and minimal morbidity due to thoracic 
exploration per sc. 
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DISCUSSION 

DR. 08LER ABBOTT, Atlanta, Ga.—I would like to emphasize the role of exploratory 
thoracotomy In disease* of tho cardiovascular system, a* well ns that which we have heard 
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described in. relation to the lung. At our clinic, we have been interested in the atypical 
character of the physical findings in a certain number of patients having patent ductus 
arteriosus. We recently reported a study of seven such patients. Their physical findings 
varied from complete absence of the diastolic component of the murmur, to patients in whom 
one noted absence of any murmur during certain periods of observation. We feel that in 
such patients considerable help may be obtained by the additional investigative procedures 
of angiocardiography and cardiac catheterization. 

Inasmuch as one had been led to consider positive angiocardiographic findings to be 
almost impeccable evidence of patent ductus arteriosus, I would like to present one case 
in .which a very typical angiocardiogram had been obtained. There was enlargement of the 
pulmonary artery, obliteration of the aortic window, and a saccular dilatation of the aorta 
in the ductus area. However, upon exploration, we found that the dilatation of the aorta 
was due to a combination of the aorta being sagittul in position and the aorta below the 
descending arch being markedly hypoplastic. Furthermore, the pulmonary artery was en¬ 
larged, due to poststenotic dilatation. The most surprising finding was a congenital absence 
of the left half of the pericardium. The pericardium was present on the left side, in the 
area of its lower third, and was constricting this area of the apex. Therefore, this was 
resected, and by means of keeping the patient upon the opposite side for a few days, post-, 
operatively, an uneventful recovery occurred. The only change in physical findings following 
operation has been an absence of change in the diameter of the murmur with changes of 
position, which had occurred, preopemtively. 

With such experiences us those noted here, there appears to he a definite place for ex¬ 
ploratory thoracotomy in the treatment of congenital heart lesions. 



CHRONIC NONSPECIFIC SUPPURATIVE PNEUMONITIS 


A Retort op Tex Casks 

Richard D. K'piisi i nek, M.D. (nv invitation), and W. E. Adams, A1.1) . 
Ciiicaoo, III. 

W ITH the increase of surgery for the treatment of inflammatory anti malig¬ 
nant lesions of the lungs in the last two decades and the refinement of 
diagnostic procedures, our knowledge in this field continues to enlarge. This 
report deals with a group of patients who have been observed und treated for a 
nonmalignant condition of the lung to be differentiated from lung abscess, tuber¬ 
culosis, bronehiogenic enreinomu, and bronchiectasis. This pulmonary lesion 
produces symptoms, signs, und pathologic characteristics sufficient for differen¬ 
tiating it as a disease entity. A definite etiological agent has not ns yet been 
determined and the bacteriology is nonspecific. 

This condition has been given the name chronic nonspecific suppurative 
pneumonitis and belongs under the general heading of chronic inflammatory 
lesions of the lung. In the literature there are a few scattered reports of similar 
eases, and tllorc are doubtless many more instances which have not boon pub¬ 
lished. 1, *> 3 

CLINICAL CHARACTERISTICS 

There was a predominance of female over male patients in a ratio of about 
two to one. The ago of the putients varied from 30 to 61 years, but most fell 
in the bracket botween 30 and 50 years. The onset was insidious, without a 
recent history of an ucute pneumonic process. The main symptoms wore pro¬ 
ductive cough, hemoptysis, and chest pain. Many hnd had a productive cough 
for several years, coming to tho doctor only when blood had appeared in the 
sputum. These symptoms varied in duration from three months to twenty-two 
years, most patients having hnd them for over four years. Only two patients 
had not experienced hemoptysis at least once and in some this was a prominent 
symptom. About one-half of the patients had experienced chest pain. Usually 
this had been present for only a few mouths before the patient, entered the 
hospital. (Sec Table I). 

Unlike patients with chronic lung ubsecss or bronchiectasis, this group of 
patients showed little evidence of weight lass and did not appear chronically ill. 
There was usually no ovideuce of sinusitis or clubbing of the fingers. Tho posi¬ 
tive findings were usually confined to tho chest, which revealed dullness over the 
involved lung areas with dry coarse rales being present in about one-half the 
eases. 

In five patients there wus a temperatnro elevation of 99° to 101° F, at the 
time of admission, and in one case this hnd been known to exist for more tbun a 
year. The past history and family history wore noneontributory in all eases. 

-Prom the Department of Humery of the University of Chicago. 
a Read at the Twenty-Seventh Annutil Sleeting of the American ANsociatlon for Thoracic 
Surfer y, St I>oui». Mo.. Mny 28, 29, and 20, 19-17. 
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Table I. Clinical Characteristics in Ten Cases of Chronic Nonspecific 
Suppurative Pneumonitis 


SYMPTOMS 


DURATION 


! AGE 


Cough. 

10 

0 mo. 

1 

31-40 

5 

Hemoptysis 

8 

2-4 yr. 

4 

41-50 

4 

Chest pain 

5 

0 yr. 

2 

51-60 

1 

Temperature 99° to 101° F. 

5 

10 yr. 

1 





10 yr. 

1 





22 yr. 

1 




Kepeated sputum examinations were negative for tubercle bacilli iu every 
instance, and a definite etiological agent was not determined since the bacteriology 
was nonspecific. Blood and urine examinations were essentially normal. Iu 
three patents, there was a leucocytosis of approximately 12,000. The albiimin¬ 
globulin ratio in the three cases in which it was deternuned varied between 
0.84 and 0.94. 

X-rays of the chest showed diffuse infiltration of various lung areas in 
all cases and a suggestion of atelectasis in four of the ten cases. In five 
patients, areas of infiltration in more than one lobe could be seen by x-ray. 
There was no identifiable abscess in any case. In seven of the ten cases, the 
lesions were on the right side, and in one case the lesion was bilateral. Dif¬ 
ferential diagnoses by x-ray varied with the findings but included hilar tuber¬ 
culosis, lung abscess, neoplasm of the bronchus or mediastinum, pleural effu¬ 
sion, and bronchiectasis. Bronehograms made in some cases showed blunting 
of the bronchi but no evidence of dilatation. 

Bronchoscopic examination revealed inflammation of the bronchial mucosa 
and pus formation in the bronchi of the lobes involved by the lesion in eight 
of the ten patients. The findings were entirely normal in one case, and a 
biopsy made elsewhere was reported positive for tumor in another case. 

DIFFERENTIAL DLVGNOSIS 

Chronic, nonspecific, suppurative pneumonitis is to be differentiated from 
bronchiogenic carcinoma, benign tumors of the lung and mediastinum, - lun D 
abscess, tuberculosis, and bronchiectasis. Bronchoscopy aids in differentiating 
bronchiogenic carcinoma, but many carcinomatous lesions are in the periphery 
or in the upper lobes and cannot lie visualized by bronchoscopy''. In some cases, 
the final diagnosis must await the findings of surgical exploration and microscopic 
examination of the tissue. 

The insidious onset and chronic 00111 x 0 , along with the absence of an etiolo^ 
ical factor for production of a lung abscess, are helpful in differentiating chionic 
nonspecific suppurative pneumonitis from either lung abscess or bronchiectasis. 
Furthermore, the age of these patients was considerably advanced ovei * 
which is usual for patients with bronchiectasis, and their cough was much 
productive. In addition, bronehograms showed blunting of the bronchi ra 1 
than a dilatation as seen in bronchiectasis. The absence of a cavity with a U1 
level in the x-rays was suggestive of pneumonitis rather than a lung abscess 
The absence of tubercle bacilli in the sputum and the location of the ^ 

the lower or midlung field were against the likelihood of tuberculosis but c 1 11 
exclude this diagnosis. 
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With a realization of the existence of the condition and its characteristic 
findings, Inter eases in this series wero dingnosed from the history, hronehoseopy, 
and x-ray findings alone. In the ten eases presented helow, the preoporativo 
diagnosis was carcinoma of the lung in three, hronchieetasis in one, tumor or 
infection of the mediastinum in one, and chronic, nonspecific, suppurative pneu¬ 
monitis in five. 

TREATMENT 

Under medical management consisting of jMjstural drainage, hronchoscopic 
aspiration, bed rest, expectorants, and, in the more recent cases, the sulfa drugs, 
many of tiic patients showed a traiiseicnt period of improvement, lmt after 
variable periods of remission, symptoms would recur and a progression of the 
lesion could he seen by x-ray and bronchoscopy. Moat of the pntients became 
ill enough that they were forced to give up their occupations and became dis¬ 
couraged with the ineffectiveness of medical management. 

Surgery by drainage or resection was used in nine of the ten cases presented, 
and was followed by complete recovery in all instances except one, that patient 
dying of pneumonia five days after operation. The pntients became able to take 
part in a normal full day of activity within a year after the operation. 

The earlier patients in this series of cases were treated by drainage through 
the chest wall. Because of the necessity of multiple operations and a longer 
period of morbidity by this method, subsequent patients have been treated by 
lobectomy or puetunoncctomy as the procedure of choice. In deciding whether 
to treat by drainage or resection, the age and physical condition of the patient, 
and location of the inflammatory process were considered. 

In five cases, the pntients were treated by lobectomy, in two by pneumonec¬ 
tomy, in two by thoracotomies and open drainage. In the bilateral case, a biopsy 
only was made. In the five patients treated by lobectomy, the lesions were 
mainly in the right middle lolic in two. the left lower lobe in two, and the right 
lower lobe in the fifth. In two of these five cases, thorc was evidence of involve¬ 
ment of tho other lobes on the same side by x-ray examination, and palpable 
lesions were felt in these areas at the time of surgery. In the two cases treated 
by pneumonectomy, the preoperativc diagnosis was carcinoma of the lung, and 
the pathologists were unable to say definitely that biopsy sections made at the 
tipie of operation were not neoplastic. In these patients, in view of the history 
and x-ray findings, it was decided to completely remove the involved lung. One 
thoracotomy and drainage was done for a lesion in the right middle lobe, and 
tho other was for a lesion hi the right lowor lobe. 

All the patients except one, whether trented by resection or drainage, became 
symptom-free and ahlo to partuke of a full program of activity within one to 
two years after surgery. In the group of seven l-esections, there was one death 
occurring five days following operation. The condition of the patient with 
bilateral lesions was essentially unchanged when last seen. Her chest symptoms 
had always been minimal, her chief difficulty being arthritis. Tho lung pathology 
had been found during a routine x-ray examination. 

With resection the patients’ stay in the hospital averaged twenty-two days, 
and clearing of the remaining lung fields occurred on an average of six to seven 
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months. With drainage, the patients remained in the hospital an average of 
fifty-nine days, and clearing of the lung fields required about twelve mouths, 
Also, more inconveniences and visits to the out-patient department were required 
for the patients having had treatment by drainage. In the two eases treated 
by drainage, the patients both had a minimal bronchitis two years later and 
seemed more susceptible to “colds’’ and bronchopneumonia than the patients 
treated by resection. Only one of the latter group had a significant productive 
cough and sputum remaining one year after operation. The differential diag¬ 
nosis, therapy, and results are summarized in Table II. 


Table II. Differential Diagnosis and Therapy in Tex Cases of Chronic Nonspecific 

SUPPURATIVE PXEUilOXITIS 


S3 

DIFFERENTIAL 

DIAGNOSIS 

therapy 

RESULTS 

M. K. 

47 yr. 

1. Chronic inflammation 

2. Tuberculosis 

3. Carcinoma 

Exploratory thora¬ 
cotomy with three 
stages of drainage 

Lung fields clear except for 
residual pleural scar; slight 
productive cougli 

L. G. 

32 yr. 

1. Chronic inflammation 

2. Tumor 

3. Hilar tuberculosis 

Exploratory thora¬ 
cotomy with two 
stages of drainage 

Slight residual clouding in middle 
of right lung field; had minimal 
chronic bronchitis two years later 

G. N. 

38 yr. 

1. Tumor 

2. Tuberculosis 

3. Chronic pneumonitis 

Biopsy 

Condition essentially unchanged 
when last examined 

c. tv. 

40 yr. 

1. Chronic inflammation 

2. Bronchiectasis 

3. Chronic granuloma 

Right middle lobec¬ 
tomy 

Rapid recovery with return to full 
activity in six months; no 
residual cough or sputum 

E. S. 

30 yr. 

1. Bronchial adenoma 

2. Chronic inflammation 

3. Inactive apical 

tuberculosis 

Right middle lobec¬ 
tomy 

Lung fields entirely cleared; has 
occasional productive cough 

G. H. 

39 yr. 

1. Chronic nontubercu¬ 

losis inflammation 

2. Abscess 

Right lower lobec¬ 
tomy 

Lung fields became clear to fluor¬ 
oscopy following operation; no 
residual cough or sputum 

H. M. 
38 yr. 

1. Bronchiectasis 

2. Chronic pneumonitis 

Left lower lobectomy' 

Chest became clear by fluoroscopy, 
no residual cough or sputum 

A. R. 

44 yr. 

1. Chronic pneumonitis 

2. Tuberculosis 

Left lower lobectomy 

Slight hemoptysis for two monto 
postoperative; chest clear 
fluoroscopy; no cough or sp 
seven montlis after opera 

0. S. 

61 yr. 

1. Bronchiogenic car¬ 
cinoma 

Right pneumonec¬ 
tomy 

Died five days after opemtiaa wflh 
hemorrhagic broncliopne 
and pericarditis 

A. 0. 

44 yr. 

1. Broncliiogenic car¬ 
cinoma 

Right pneumonec¬ 
tomy 

Remaining lung field clear 
oroscopy; no residual <- S 


sputum 


PATHOLOGY 

The histopathologic, findings in the present series are summarized j eC _ 
III. Grossly the involved lung tissue was, in most eases, infiltrated anc ^ 
tatic. Hard nodules were palpated in the lesions in two of the cases ail 
necrotic areas were found on sectioning in fottr cases. 
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10 X X 4 -J 4 flight middle lowor 

A. C, __ lobes _ 

Total 10 8 
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Tabi.k IV. Bacteriological Fixmxg.s ix Tex Cases of Chuoxic 
Nonspecific Suppurative Pneumonitis 


SPUTUM AXD LUXG 
ASPIRATION 

AT. K. 

L. 0. 

G. X.* 

C. AV. 

E. R. 

G. II. 

H. M. 

A. It. t 

0. S. 

U 

Hemolytic streptococcus 

+ 

slight + 

+ 




_ 


+ 

Nonhemolytic strepto- 










COCCUS 

~ 

+ 

— 

+ 

_ 

__ 

_ 



Strep, viridans 

— 

+ 

■+ 

+ 

+ 

+ 


+ 

+ 

Staph, albus 

+ 

— 


+ 

_ 

__ 

_ 

+ 


Hemolytic Staph, albus 

+ 

— 

_ 

— 

_ 

__ 

_ 



Staph, aureus 


— 


_ . 

+ 

_ 

_ 

_ 


Staph, aureus hemolytic 

+ 


_ 

_ 

_ 


_ 

__ 

__ 

Nonhemolytic stnphylo- 

- 

- 

- 

+ 

- 

- 

— 

— 

- 

COCCUS 










A r . catarrhalis 

_ 

_ 

+ 





+ 

+ 

Diphtheroids 

+ 

+ 

+ 

_ 

_ 

_ 

_ 



Small gram (-) rods 

+ 


+ 



+ 

— 

+ 


Acid-fast 

_ 

_ 

— 

_ 


_ 

_ 


_ 



(guinea 







(guinea 


Pig) 








Pig) 

B. coli 

_ 

+ 




_ 

_. 

_ 

- 

Pneumococcus 


+ 






_ 

_ 

Fusiform bacilli 

_ 

+ 




_ 

_ 



Spra 1 






Blood 




Typhoid 






Wasser- 



Paratyphoid 

y — 

_ 



_ 

_ 

mann 

— 

- 

- 

Brucella 






positive 



Agglutinations J 










Friedliinder bacillus 

_ 

_ 

__ 


_ 

+ 

_ 

— 

- 

Fungus 

Ot 

- sab 

0 

- sab 

- sab 

0 

0 - 

-sab 

0 


•No anaerobic or aerobic growth from biopsy. Direct smear showed (+) cocci and rods 
and gram-negative organisms. Guinea pig negative for TEC and fungus from tissue culture 
negative. 


fMostly hemorrhage. 

to Indicates cultures were not made. 


In general, the histologic picture showed extensive interlobular fibrosis and 
also fibrosis and thickening of the alveolar Avails. There Avas considerable 
lymphoid and plasma cell hyperplasia, and the bronchial lumina Avere somewhat 
narroAved by the redundant mucosa. Chronic atelectasis Avas present, blood 
being found in the alveoli. Many blood A 7 essels presented markedly thickened 
Avails. Hyalinization Avas present in only one case and squamous metaplasia of 
the bronchi in only one instance. Some alveoli Avere lined by bronchiolar epi¬ 
thelium. No bronchial dilatation, acute inflammation, or eA'idence of Availing 
off as in an abscess Avere seen. The histopathologic diagnosis A\ r as chronic diffuse 
pneumonitis. This frequently is the only means of differentiating this lesion 
from bronchiectasis, tumor, and lung abscess. 


Aerobic and anaerobic cultures of pus obtained from the bronchi by biou- 
clioscopy and from the tissue removed at the time of surgery shoAved a non¬ 
specific type of bacteriology. Cultures made for fungus were also negative. 
Agglutinations for brucella, typhoid, and paratyphoid were also Avithin the 
normal range in the four patients examined. No virus studies were made. T1 )C 
bacteriologic findings are summarized in Table IV. 


Two of the ten cases are being reported in detail to bring out most of the 
clinieopathologic characteristics and to describe the tAvo methods of management- 
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Cake 1.—A dl-ycar-obl white niun, A. (\, mine to tin* clinic* with the complaints of 
hemoptysis for four days, foul sputum nwinging ulwut one nip u day for four ruontlia, cough 
of four years’ duration, unil n weight loan of thirty pounds during tho preceding four mouth*. 

Tho patient stated that four months previously lie Imd u sudden oubot of weakness 
one morning accompanied by n rough with the production of foul-smelling sputum and u 
fever of UK!" nausea and vomiting, and pain in tlie chest on coughing. Ho was treated 
for lung abscess by his physician and was forced to give up his job as a erauo operator. 
X-rays taken at that tlmo wore said to be suggestive of lung abscess. During this period 
ho had a weight loss of 40 ]>ouiids. After six weeks, ho was ublo to return to work, had 
gained ten pounds but still continued to cough uud produce a foul-smelling sputum and 
had a slight elevation of his temperature. Four days before coming boro, Ms sputum began 
to be tinged with both old and fresh blood and occasionally clots were seen. 

He said thnt be hud no sovero upjwr respiratory infection since two years ago when 
he' was treated for pleurisy. He stated thnt ho lmd pueumoniu when 24 years of age. 
There was no history of tuberculosis in the family. 

Physical examination revealed a \vell-dcvelo]K'd and well-nourished mnn who did not 
appear acutely ill. Tho positive physical findings were limited entirely to tho cheat. Thoro 
wni dullness to percussion over the chest down to the fourth interspace, both anteriorly 
uud posteriorly. Tactile and vocal fremitus woiu Ixith rcducod over this urea. A few' 
course rftles wero heard over tho right uppor chest. The romnindor of tho chest was nor¬ 
mal The cardiac dullness and and heart tones wore withiu normal limits. Thero was 
minimal clubbing of tho fingers, uud tho gingiva were coated and inflamed. 

Tho laboratory findings demonstrated u norinnl icd coll count and hemoglobin. The 
whito coll count was about 5,000. X-ray and fluoroscopic examination of tho chost showed 
a well-demarcated, infiltrative lesion occupying the middle third of tho right lung. Thero 
was no ovidenco of encapsulation or a fluid level. Bronchoscopy showed un inflamed 
bronchial cpitholium on tho right side and obliteration of the right upper lobo bronchus by 
gross swelling of tho mucosa. Thick, foul pus rolled out of the right upper bronchus with 
coughing. Tho sputum was negative for tubercle bacilli. 

The diagnosis, made on tho busis of x-ray, fluoroscopic, uud bronchoscopio findings, in 
addition to the history of rathor an acute onset of most of tho symptoms, was carcinoma 
of tho lung with largo lymph nodes Inflow the carinn. (See Fig. 1, J.) 

The patient was advised to luivc u right pneumonectomy. The blood picture and plasma 
protein level of 7.77 being within normal limits, on admission, there was little preparation 
needed for operation. 


Operation. —Tho operation was performed under ethylene plus ether plus oxygen. Intra¬ 
venous saline, 3,000 c.c. and 1,200 e.c. of blood were given during the operation. On Nov. 16, 
1844, a right pneumonectomy woh done, an incision being made over the sixth rib area. 
The lung was markedly ndharent to tho chest wall throughout, sharp dissection being neces- 
*ary to freo it. After the lung was freed, u large hardoned area was felt in the region of 
the bronchus approximately 3 cm. by 2 cm. The phrenic nervo was crushed and tho 
pulmonary artery nnd veins isolated. There was n small nodo In the mediastinum which 
was removed and the pathologists could not say definitely whether this showed hyperplasia 
°r neoplastic tissuu. Two hard nodes woro also palpated below the carina and were re¬ 
moved, thus oxposing the loft bronchus. A hurd node superior to tho carina was also 
removed. After removal of tho lung, and before closing the wound, 50Q c.c. of plasma and 
-00,0fl0 units of penicillin wore placed in the pleural space. 


Surgical Pathology. —The specimen consisted of the entire right lung. Tho pleural sur¬ 
face over all tho lobes was grossly thickened. Thoro was a small hard nodule 0.0 cm. in 
diameter In. the anterior aspect of the lower lol>e, which was otherwise normal in consistency. 
The upper, portion of the middlo lobo was hard and diffusely infiltrated. The upper lobe was 
Arm and denso in consistency and on section u small cavity was found in the apex comnuraicat- 
directly with tho main bronchus of tho lobo. The cavity nnd bronchus contained purulent 
exudate. The hilar nodes were enlarged nnd firm in consistency. 
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Microscopic sections showed interlobular fibrosis and considerable thickening of the 
alveolar walls. There was more exudate than blood in the alveoli, which also contained 
many macrophages. In some areas the thickened alveolar walls were lined with hronchiolar 
epithelium. Lymphoid hyperplasia was extensive and squamous metaplasia of the bronchial 
epithelium was present in some areas. The bronchial lumina were somewhat decrcused in 
size by the muscularis mucosa being in folds due to lymphoid and plasma cell hyperplasia. 



Fig. 1.— A, A. C. X-ray of chest showing an ill-defined infiltrating lesion x-rny ?( 
upper two-thirds of the right lung. X-ray diagnosis, bronchiogenic carcinonin. J C ompi ct , \ 

chest following total right pneumonectomy. The right pleural cavity nas , revca'f 11 

filled with fluid. G, Photograph of right lung showing upper lobe sectioned. j g of a “' 

diffuse infiltration with a smnll area of liquefaction seen at A. There was no cm 
scess formation. 
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Ihtcttrioloijy .—Cultures showed Strt ptococcus viritlans, Neisseria catarrhaHs and hemo¬ 
lytic streptococci. Guinea pig inoculations were negative for tuberculosis. 

Postoperative Course. —There were no iexpiratory difficulties or other complications, nnd 
the patient won discharged from the hospital three necks after the operation. Tho patients 
convalescence row uneventful, the temperature remaining Ixriuw 100° F., except on two occa¬ 
sion* when it reached 101* F. When seen uliout >ix months after the operation, fluoroscopy 
of the cheat allowed the left lung field to 1*» clear. mid except at period* during oeeumonnl 
colds, tho patient wan free from cough and sputum. He began working full time nlwut n year 
after the operation. 

During the next year and one-lmlf, the pntient row well except for a mild unproductive 
couglu Following this period, he Jx*cnnie feverish and I>egnn to feel weak, Five days later, 
he noticed a progressive enlargement in the right chest wall which liocame hypcremic and 
tender. Ten days after the onset of symptoms, lie nas seen in the out-jwifient department nnd 
admitted to the hospital. 

Physical examination was essentially normal except for the chest. The right side of the 
chest wan dull to percussion and distant hrnnrlim) breuthing was heard on auwultntion. In 
the anterior axillary' line about three fiugerbrendtlis Inflow the axilla there an* a largo hemi¬ 
spheric tumor altout JO cm. across. The lowermost portion of this mass was tender and 
slightly fluctuant. 

The urine and blood examinations were normal, the leucocyte count lieiug 10,030. Tho 
diagnosis was empyema noeessltutu*. X-ruy* of the cheat at this time allowed ouly tho i>ost- 
operativo nppenr.incy of a puouiuoueetoniy on the right side and a uornml long on the left 
side. On July Ilf, 1010, the abscess was incised and about a lifer of foul-smelling yellowish 
pun was removed. Exploration of the wouud revealed a rlstolous tract entering the chest 
rarity through the third interstice. Drains were pluecd in tho chest and in tho sulwntaneous 
abscess. After n short period of eonvnlesconco the pleural space was obliterated by n two- 
stage thoracoplasty. The patient made a satisfactory leooveiy and linn returned to full-time 
employment. 

Comment .—This patient illustrates the difficulty of differentiating chronic, 
nonspecific, suppurative pneumonitis from bronchiogenie carcinoma. The rather 
acute exacerbation of the symptoms combined with the physical and x-ray find¬ 
ings led to the preoporativo diagnosis of tumor, although nothing could be seen 
or found by bronchoscopy nnd biopsy. The final diagnosis had to await micro¬ 
scopic examination which showed a rather typical histologic picture of the 
disease being discussed. 

Cake 2.—A 47-year-old truck dri\er, If. K., was first seen ut the clinic with com¬ 
plaints of a productive cough und weakness for two years, a 25-pound weight loss and 
occasional night awonts for two mouths. The patient said that he "caught cold" about a 
year previously and following this lmd a productive cough and weakness and Imd lost 
weight. Following this illness, lie was apparently fairly well until about four months 
previously when he had another illness sindlur to the one above, but this time the cough 
ami sputum persisted. Two months previously lie hud lieen confined to bed for two weeks 
with what his physician termed a "mild case of pnoumonin." There was no hemoptysis. 
At this time, ho l>egnn to have night sweats. The sputum hud Income foul smelling in tho 
past two months and had increased to a cupful u day. He hud not worked for flvo months. 
The remainder of tho history wus noncontributory. 

Physical examination revonled u well-developed, fairly* well-nourished man who did 
not appear acutely ill but hud occasional episodes of coughing. The positive findings were 
limited entirely to tho chest. Tho loft side of the chest and loft lung wore normal. On 
tho right side thore wits definite limitation of movemont of the diaphragm and dullness 
to percussion below tho sixth tjiomeie interspace posteriorly*, extending around to about 
the anterior axillary line. Fine cropHnnt rfilos were heard over the area on inspiration. 
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Tactile and vocal fremitus were equal ou Loth sides and there was diminution of breath 
sounds over the area of dullness. The cardiac dullness and heart tones were within normal 
limits. 

The patient was admitted immediately to the hospital on the medical service for 
further study. Laboratory findings at that time demonstrated a normal red cell count and 
hemoglobin with a white count of 9,300. The urine was normal. X-ray examination of 
the chest at that time revealed a slight elevation of the right leaf of the diaphragm anil 
filling of the costophrenic angle on this side. The left lung was normal. The upper half 
of the right lung was clear; the lower half was involved by definite infiltrative lesions 
which extended from the lower portion of the hilum, especially in the area of the seventh 
rib posteriorly, downward and laterally in the area of the eighth and ninth ribs. A portion 
of the right lower lobe appeared atelectatic. No abscess cavity was seen. Bronchograrus 
showed narrowing at the bifurcation of the bronchus to the lower lobe. (See Fig. 2, .1 
and B.) There was no evidence of bronchial dilatation. Bronchoscopy was normal except 
in the area of the right lower lobe where the bronchial mucosa of that lobe was thickened and 



Fig. 2, A anrl B. —A, It. Iv. X-ray of chest showing a poorly defined InflltraU 6 (he 
occupying the lower thfrcl of the right chest. B, X-ray showing Iodized oil in J¥5“. ‘ hrnnc bl 
lower lobes. Note poor filling in right lower lobe region with blunting of seconuarj 
There is no eyidence of bronchiectasis or lung abscess. 


injected and contained a small amount of blood-tinged sputum. Just above the point ^ ^ 
division, the main bronchial lumen was distinctly' narrowed but was still circular in shape. 


bronclno- 

nic fiud- 


granulations or tumor masses were seen. The diagnosis of chronic inflammation or 
genic carcinoma was entertained at this time on the basis of x-ray and bronehoscopic 
ings. A biopsy of the inflamed bronchial mucosa made a week later revealed onl) a 1 
degree of inflammatory reaction but no tumor cells or ulceration. No definite diagnosis ' 
made, and the patient was discharged from the hospital four days after admission to he 0 
lowed in the out-patient department. 

He again entered the hospital five months later. During the intervening period, ke^ ^ 
been fluoroscopeil and had a second x-ruy examination which showed the lung lesion 
essentially unchanged. During the interim, the patient had gained a little weight, an - ^ 
that his cougli had become less severe. He had been able to return to work. - 


mouth before the second admission, he began to raise more sputum ami enlargement 
lesions in the lung was noted on fluoroscopy. He again began to lose weight. Brouc m 
showed an increase in the inflammation of the bronchial mucosa, but biopsy again 
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• no evidence of malignancy. Duo to tin* negative hronclioscopic findings and the chronic 
course, it was felt that Hie patient hml n chronic, slowly progressing pulmonary suppurative 
disease und ho wn« again admitted to the hospital. At the time of the second admission, 
ho wan coughing nlmost continuously and appeared somewhat emaciated. 

Physical findings ut thin time weio essentially the same uh l*>forc. The sputum was 
seen to contain blood. Laboratory findings showed a normal urine, tod coll count, and hemo¬ 
globin. The white eell count wn»» 1 . 1 , 000 . 

X-my examination revealed the losious to In* owwiitiully unchanged. Sinun x-rays takeu 
at tills time were normal. Bronchoscopy shovunl largo quantities of pus coming from the 
right bronchi with a rod and thickened mucosa, and some constrirtion of the nvomlnry bronchi 
was seen. 

In view of the consistently negative findings for tumor nud (he long chronic course tuid 
sputum examinations negntlve for tultercle Imcilli. u diagnosis of chronic pulmonary suppura¬ 
tion was made. I’ostuml drainage and itotas'iiim iodide weie ineffective and the jmtient was 
pnqmrcd for surgery. 


20 . —U. K. Low-power microscopic section of tissue removed from lower lobe showing 
marked Interlobular fibrosis and lymphoid hyperplasia. 

Operation .—A two-stage drniuage under ethylene-oxygen anesthesia wiuj planned, the 
first stago l)eing <lonu on Feb. 21, 1U39. An incision was made through the eighth rib urea. 
Dense, vuacnlnr ndhesionH were .encountered and were dissected su[>eriorly to nl>out tlio level 
°f the sixth intenqmce. The lung was everywhere l>ouud by similar pleural tidhesions. On 
Palpation, the lung was firm, somewhut irregular In consistency, nnd apiwrently apneumatir. 
Decnuse of the vasculnr adhesions and indurated consistency of (he lung tissue, further opera¬ 
tive procedure was considered inadvisable. An urea in the posterior axillary line was packed 
'rith gnuxe nnd the wound was closed. 

Three days later the second stage was done under local anesthesia. The middle of the 
previous wound was reopened find the pack* removed. An aspirating needle was introduced 
Into the region suggested by the x-mys as being involved, but no frank pus was obtained. 
The lung 

was then divided by cautery, a piece l.G by 1 cm. being removed for microscopic 
*tady. Tlie lung was then explored by an nspimting needle in the depths of this nrea. Actual 
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FI?. 2, 73. E, and F.—73 and E, M. It. High power photomicrographs of tt V( “ walls, 
Ing thickened, fibrosed alveolar walls, plasma cell Infiltration, thickening of bl °y,_ s i on in rlgl' 1 
and many fat-filled macrophages. F, X-ray of chest showing complete healing oi ( napliraS m 
lower lobe. Only mild fibrosis and some tenting adhesions at midportion or u 
remained. 
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cautery wax thou uxotl to expoxo tin* urea for drainage. The tiKMtioi* in this region wcro friable 
and the xoptno were broken with the ringer tip, Little egret** or ingjexx of nir wax nolod. 
No-frank pux wax found. Tlio tih>uex were eurettctl for mirroxcoplc xection, and the entire 
npuco wax packed open with u petrolatum gauze roll. 

Poxtopomtively, there wax profuse muoux dr.iiingo from the uouml. Three weekx later, 
the wound wax enlarge! under local anoxthexin. With the Hovie coagulation, the iueixion in 
the lung tixxue wax extended Mi|M'riorly and medially. A definite (iIimvsx cavity wax not 
encountered. Then* wax a modorntc amount of jmx and necrotic material in thix area. A 
Ldock of lung lixxue measuring nlxmt :i by 2 by 2 cm. win* letumvd for tuierohcopic xtudy. 
No evidence of xarculntion wax dcnmuxtruMn and no tixKue resembling tumor wax encountered. 
The wound wax (tacked open. These wax no gro**** evidence of bronchial rixtulae. 

•Surguvl Putholoyy. —-The niiemscupie Mftioiis of lung tissue showed interlobular tlbrotrix 
nnd thickened nlvcolnr wallx with lymplutid liyperplnsia and xome chronic inteixtitlul in- 
tlunmmtion. 

Vactirtoloyy. —Diphtheroid*, small giam negative rod*. hemolytic streptococci, Staphylo¬ 
coccus (ilbu*, hemolytic »N Uaph. til but and nun uv were found in the cult urea, (lulnen pig 
innocnlntionx won* negative for tub<»mihni*. 

PattojKrutire Course.—The (tatient had u very umwenlful coimileweace, the tem(a‘)titure 
ltelng over 100* F. on only one oceaxiou following the thin! stage. Drainage from the wound 
wax profuse at firxt, but by the time of the patient'** discharge, a small tula* was lining uwxl 
and druinago wax minimal. The patient was disclmigcd two and one-half weekx after the 
operntiou nnd returned to tlio out-clinic for change of dressing*. X-mya taken two month* 
after the Anal operation. showed n decienxe in the -ize of the density iu the right lower lung. 
The wound wax completely healed six months nt'tei surgety ami x rays at that time showed 
only mild rihrosix remaining in the middle of the light lower lung field and tenting adhesions 
at the mldportiou of the right leaf of tlio diaphragm. (Fig. 2, F.t The patient returned to 
work about thix time and luul only n slight productive cough u(son arising in the morning, the 
tempemturu being normal. He has Imvii seen at infnxjuent iutervnlx and has reiuuined well. 

Comment. —Tlio difficulty in di Remit inline tliis lesion from Inonchiogcnie 
carcinoma nnd lung abscess Is shown. Tlic linn I diagnosis was not made until 
the lung wus cxploml mid tlio surgical specimen examined. 

The greater elmnee for complications and the slower rate of recovery, and 
correspondingly longer period of hospitalization with treatment by drainage, 
indicate tlio advantage of lobectomy mid pneumonectomy. 

DISCUSSION 

In recent years, there has liven little written on intlumnmtory lung conditions 
per so and most of the articles before 1940 appeared under tlio heading of 
chronic nontubereulous pulmonary disease. 

Solomon 4 in ItJ40 reported seventeen cases of chronic infection of the lungs 
due to the Friedliindcr bacillus. Host of these eases showed complete clearing 
of the lung fields eventually, but a few showed some residual fibrosis. Bron¬ 
chiectasis and abscesses may also develop fiom this condition. The cases pre¬ 
sented by Solomon all had un acute phase just preceding the chronic phase. 

The group of eases being reported differ from the nlmve in that, there is no 
ucute onset, the patient having had cougli nnd sputum for montiis Or years and 
gradually being overcome by tlie lung condition. Also, tile lesions tend to 
progress, and there is no definite etiological factor known, ns in Solomon’s group. 

Friedlandcr nnd Wolpnw,* in an urtiele on the differentiation of bronehio- 
geuic carcinoma from chronic inflammatory lesions of the lung, present four 



Fig. 3.—A. C. \V. X-ray of chest of a 19-year-oUl white woman who c ' 0, “^ 
ductive cough with repeated liemoptyses of ten years’ durat on. T liere lmd Ken n rai^ 
the right lower thorax for the preceding few months. Note lll-deflned diffuse dens > 
phrenic angle. . 

B, X-ray of chest following iodized oil injection. Note poor filling of right , h y,,. 
with some blunting of secondary bronchi. The right lower lobe was resected, after , 
patient was com pie el y relieved of symutoms. The specimen removed sliowcd dlttu-t . 

tion of the lung without evidence of abscess or bronchiectasis. Microscopic sections 
a ricture similar to that described in Fig. 2. 


53 


Fig. 4.—-4, L,. G. X-rav of chest of a 32-year-old wh'te woman who con right iuDo 

ductive cough and hemoptysis of six months’ duration. Note diffuse innltrauo r j g i,t lung¬ 
extending out from the hllum. Bronchoscopy revealed pus coming from tne e , u itiple stage 3 
Exploration showed diffuse infiltrating lesion involving all three lobes. 

this was drained which resulted in complete relief of symptoms. ^coplc sec " 

B, X-ray of chest showing clearing of the lung following drainage. M cr - 
tions revealed pathologic changes similar to those described in Fig. 2. 
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Fig. 6.—.1, («. H. X-my of chcM of a 39-> «*ur-<>hl w hit*- woman win* complnlned of a pro¬ 
ductive couch and hemoptysis of four and one-half jean*' duration. Bronclmacopy revealed 
pug coniine from the right lower lobe. O. X-ruy of client following resection of the right lower 
>°be. The lesion consisted of u diffuse Infiltration of the upper half of the right lower lobe 
without QVldeneo of nbscops or brunchlectasl*. upemtlon wan followed by complete relief of 
symptoms. 



Fig. 6.—G. N. X-ray of chest of a 3S-year-old white wonmn who luut symptoms of a 
ndldly productive couch with ropeated hemoptysis of sixteen yearn' duration. Her chief com¬ 
plaint had been multiplo arthritis of tho kneus, ankles, and wrlata. Note bilateral Infiltrations 
involving upper and lower lobes. Bronchoscopy and other dlncnostlc procedures aided little In 
•^klng the diagnosis. Thotacotomy and biopsy of the lesion In tbo mid-right lung field showed 
only dUruae non tuberculous Infiltration of the lung with a microscopic picture similar to that 
described in Fig. 2, The patient's condition remained unchanged when last seen approximately 
n year following the biopsy. 
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cases of patients operated for tumors which, histologically, proved to be chronic 
inflammatory lesions. One of these eases was similar to the ten eases presented 
below and the inflammation was described as nonspecific in character. No diag¬ 
nostic method, except awareness of the possibility, was suggested to distinguish 
the two conditions. 

The condition of bronchiectasis is thought by several authorities to develop 
from suppurative lesions following an acute attack of pneumonia. Hamman, 3 
writing concerning nontuberculous basal infections of the lungs, which he thinks 
are cases of bronchiectasis, gives as characteristic of these cases: (1) cough and 
expectoration coming on insidiously as a cold or upper respiratory infection; 
(2) symptoms which persist indefinitely; (3) a moderate, irregular fever; (4) 
no weight loss, weakness, or exhaustion; (5) usually occurring between the ages 
of 20 and 40 years; and (6) frequent hemoptysis. X-rays showed’only increased 
pulmonary markings but no definite evidence of pulmonary infiltration, and in 
all cases the lesions were confined to the lower lobes. One autopsy showed dila¬ 
tation of the bronchi, and the author assumed this to he present in all the other 
cases. 

The present group differs from Hamman’s description of bronchiectasis in 
the occurrence of weight loss and weakness in addition to a slightly older age 
group, the earliest age in the eases of this report being 30 years. Also, there is 
definite evidence of pulmonary infiltration in every instance, and the lesions are 
not confined to the lower lobes. 

According to Sussman 0 - 7 “nonputrid pulmonary suppuration differs 1’ront 
simple pneumonia by the occurrence of necrosis of the pulmonary parenchyma. 
Seadding, 2 writing on “chronic pneumonias,” describes most of the cases as 
resulting from a delayed resolution of an acute pneumonia,- or with less acute 
onset, but with symptoms having been present only a few w'eeks prior to ad¬ 
mission to the hospital. All cases presented were treated without surgery. He 
defines chronic pneumonias as “a chronic inflammation in which exudation into 
the pulmonary alveoli is the primary process with organization leading to fibrosis, 
and suppuration leading to abscess formation, as possible secondary processes, 
resolution being possible at any stage with more or less residual fibrosis. 

The disease entity described in this paper differs from Scadding’s chrome 
pneumonias in, again, the absence of an acute phase, the much longer course, 
the lack of resolution without surgical treatment, and the lack of progression 
to abscess formation as a secondary process. 

Graham, Singer, and Ballon s in their text on surgical diseases of the chest, 
state that the symptoms of chronic lung abscess may be quite varied and imb 
include cough, blood-stained sputum, fever, chills, sweats, chest pain, weakness, 
and loss of appetite, in order of frequency. The patients often have a history 
of repeated respiratory infection. Pathologically, they described lung abscess 
as “consisting of an irregularly shaped cavity containing thick pus which 
often blood-stained. The floor of the cavity is lined with necrotic tissue, bur 
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rounding the abscess Is a thick zone of dense fibrous tissue with prolongations 
of fibrous tissue extending out into the lung in various directions.” Some degree 
of bronchiectasis is stated to be almost always present. A fluid level is necessary 
for diagnosis by x-roy, other roentgen findings being only suggestive. 

In chronic nonspecific pneumonitis the symptoms are chronic and may lie 
quite similar to those of a lung abscess. However, a cavity with a fluid level 
was not demonstrable on x-ray and the microscopic pathology was unlike that 
of lung abscess. Hronehieetatie dilatations were absent. 

Prom the standpoint of treatment, the most important conditions to differ¬ 
entiate arc bronchiogenic carcinoma and pulmonary tuberculosis. In the case 
of tho former, pneumonectomy is usually the operation of choice whereas a lobec¬ 
tomy may be sufficient in the condition under discussion. In pulmonary tuber¬ 
culosis, although resection of the lung is indicated in some cases, collapse therapy 
is more frequently the treatment of choice. 

SUMMARY AND CONCLUSION 

Ten eases of chronic non!uhereulosis inflammation of the lung aru reported 
which present a clinical entity unlike that of lung altscess and bronchiectasis. 
This disease process is characterized by an insidious onset, chronic course, pro¬ 
ductive cough and hemoptysis, and .a diffuse elnonic inflammation of tho lung 
without abscess formation. It must he differentiated from bronchiogenic car¬ 
cinoma, chronic lung abscess, tuberculosis, and bronchiectasis. The principal 
.features of differential diagnosis are u gradual onset of symptoms without obvious 
cause, and diffuse infiltration of the lung without bronchial dilatation or cavity 
formation on x-ray examination. Differentiation of bronchiogenic carcinoma 
from-this lesion in tho cases of short duration usually must await, pathologic 
study. 

In the ten patients reported, the lesion was resected in seven, drained in 
two, and biopsied in one. Or the nine patients treated, eight wore relieved of 
symptoms. Ono patient died five days after resection of the lesion, of bronchial 
pneumonia of the other lung. Resection of the inflammatory lesion is preferred 
to drainugc, since the period of morbidity Is much shorter with tho former treat¬ 
ment, and relief of symptoms is likely to be more complete. Wien bronchiogenic 
carcinoma cannot lie ruled out, Ibis is a further indication for resection of tho 
lesion. 
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DISCUSSION 


DR. ROBERT M. JANES, Toronto, Out.—I have been much interested in Dr. Adams’ 
presentation. I am sorry that I did not read the synopsis before coming here, because the 
cases are very similar, I think, to two that I have operated upon in the last year. 

In 1925, Lachlin, in Toronto, working ns a relief pathologist at the Children’s Hos¬ 
pital, encountered three unusual cases of chronic bronchopneumonia from which children 
died. The pathologic examination demonstrated that these lungs contained a large amount 
of fat. Subsequent experimental work showed that this picture could be reproduced by 
instillation of paraffin oil into rabbits’ lungs. 

There has been a good deal in the medical and pathologic literature since that time, 
but surgeons, I think, have perhaps lost sight of it. I know I did, and it seems to me that 
this is the disease that Dr. Adams has presented to us. At any rate, some of the cases 
that he has shown seem to be eases of chronic lipoid pneumonia. They go through various 
stages, from the acute, subacute—in which many of them formerly' died of a bronchial 
pneumonia, although fewer of them are likely to do so now, with the antibiotics and 
finally end up with dense fibrosis which is likely to be mistaken for bronehiogenic car¬ 
cinoma. 

The disease is peculiar in that apparently' it is possible to have instilled large 
amounts of oil without the development of lipoid pneumonia. Indeed, it must be became 
of the frequency with which this has been used, and yet relatively small amounts, it 
would appear, are capable of producing the disease. 


DR. H. BRODIE STEPHENS, San Francisco, Calif.—Dr. Adams is to be congratulated 
for grouping a type of pulmonary’ inflammation that all of us have seen but have mwle 
no attempt to bring under one clinical classification. 

I performed multiple lobectomy' recently on the right lung of a patient whose history 
was much the same as Dr. Janes’ patient. The gross and microscopic picture of the origin-* 
specimen from my’ patient’s lung was similar to those Dr. Adams has demonstrated. 
did our best to bring out the history of oil aspiration in this patient but we had to con 
elude our patient had not used petroleum oil in any' form. The patients presented by r - 
Adams certainly resemble cases of lipoid pneumonia and I believe we should continue to 
make every attempt to prove the diagnosis of lipoid pneumonia before accepting 
diagnosis of “chronic nonspecific suppurative pneumonitis.’’ 


DR. RALPH B. BETTMAN, Chicago, Ill.—In the first place, I think we should all 
thank Dr, Adams for giving us a nice new category' or pigeonhole in which to place man) 
of the cases that we have all seen and that have been bothering us because we did no 
know where to put them. 

I want to report simply one case to bring out something from the diagnostic an 
therapeutic point of view. 

About four years ago we had a patient at Michael Reese who I am sure, nov, *' ou ^ 
have fallen into this category. The x-ray pictures were so suggestive of a carcinoma^ 


the lung that we decided to go ahead and do a pneumonectomy. However, 
happened to be a very' close relative of the head of our tumor group, and the 


the patient 

doctor asked 
- treatment first. 


whether we thought it would do any harm if he gave her a course of x-ray ^ ^ 

We thought the delay' would not be very important, inasmuch as the. patient 
symptoms for a long while. To our great surprise, following the x-ray treatment, 
symiptoms relieved themselves within two or three days, and the lesion, as far 
x-ray' manifestation thereof was concerned, completely' melted away in a matter of 
and now, four years later, the patient is absolutely well. I think that perhaps t e 
planation of the efficacious effect of the x-ray’ treatment can be along the line 
Adams pointed out, when he called attention to the large amount of lymphoid bj P cr P 
in all these cases. 
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DR. RICHARD H. MEADE, JK., Chicago, III.—I should like to add just threo other 
case# similar to Dr. Adams’. 

The first two wore chronic in nature. The third patieut was operated on the morning 
after Dr. Adams had talked on this subject in Chicago. This pationt had a short history. 
There was x-ray evidence of atolcetusis of the right upper lobo, and although the bron- 
ehoscopic examination was negative, wo wore quite suro that thero was a bronchial ob¬ 
struction duo to carcinoma. It hus become our habit to look upon sueh cases almost 
invariably as carcinoma. 

This man had beon sick only for two months. Ho had a history suggesting pneu¬ 
monia, with some subsidence of symptoms und signs under penicillin therapy. 

At operation the upper lobe was found imbedded in the chest by very donse adhesions. 
When we discovered there was no ovidonce of tumor, in view of Dr. Adams’ pnpor the 
night before, we proceeded to do an upper lobe lobectomy. The study of that lobo showed 
chronic interstitial pneumonitis. 

I would think this fitted In woll with the group of Dr. Adams’ cuses, but it was ono 
of very short durutiou, and I think that gives evidence that this pnoumonitie process can 
develop in a very short period of time. 

DR. W. E. ADAMS, Chicago, Ill.—Regarding the question of this being lipoid pneu¬ 
monia, I do not believe we can say dcllnitolv. As Dr. Janes has pointed out, it does not 
taka very much oil to produce that picturo. But the microscopic appearance was not like 
that produced in lipoid pnoumonio. 

In these cases there was no history of having used oil in the nose, or treatment of 
upper respiratory infections, but many of the patients had this over such a long period 
of time that they may not havo recalled sufficiently. 

Dr. Bottman’s question of x-ray therapy is a good one, I think. If this condition 
i> seen early, it might possibly respond to x-ray therapy. Some of our cuscs wero treated 
by x-ray, hut they had had the condition so long that I believe the fibrosis prevented its 
being oflective. * 

Likewise, I think chemotherapy should ho used us « routino, but if responso is not 
imraodiate, surgery is indicated. 

I want to leave this last remark with you, that I feel very strongly that all these 
esses should be resected, first bceauso so often they cannot be differentiated from biou- 
chiogenic carcinoma. Also, If, at the time of operation, thoro seeme to be a reasonable 
chance that it is inflammatory rather than maliguant, a lobectomy in cases of the older 
•go group might bo sufficient, and be the wiser operation to do. 
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Dallas, Texas 

A BSCESS of the lung lias constituted one of the most vexing problems 
of the thoracic surgeon. Whereas it has long since been proved that medical 
treatment is ineffective and that this disease is best treated surgically, 
the ultimate results have not been completely satisfactory. The advent 
of one-stage surgical drainage, as advocated by Neuhof, represented a 
definite advance and increased the percentage of satisfactory results of surgical 
treatment. The increasing safety of pulmonary resection has led to a more 
frequent application of this procedure in the surgical management of putrid 
abscess of the lung and has made possible the salvage of a still greater 
percentage of patients. 

Based on statistics available in the literature, it may be stated that the 
mortality of the disease of putrid abscess of the lung ranges from 30 to 40 per 
cent. In addition to this high mortality the disease carries a high morbidity. 
The clinical course is characterized.in the chronic phase of the disease by inter¬ 
mittent remissions and exacerbations. During a period of quiescence, the patient 
continues to cough and expectorate foul sputum, but has very little fever and 
may be able to carry out his usual activities to a limited degree. During periods 
of exacerbation of the disease, the patient has high fever, cough with the expec¬ 
toration of large amounts of foul sputum, and loss of weight. Severe or fatal 
hemoptysis may occur. Metastatic abscesses to other organs, notably the brain, 
may develop at any time. 

An acute lung abscess is usually unilocular. A chronic abscess of the lung, 
on the other hand, may become multilocular or be composed of multiple cavities. 
Broncliiectatic changes in the communicating bronchi frequently occur. Mul¬ 
tiple abscesses a few millimeters to a centimeter in diameter may occur as pait 
of a localized chronic pneumonitis occupying a portion of one lobe. The "’hole 
lung may be honeycombed by multiple or more or less communicating largei 
abscesses. The surrounding fibrosis varies greatly in amount and extent. U 
may simply surround the smaller abscesses, the remaining lung appearing nor¬ 
mal. The other extreme is for the entire lung to become fibrotic. The walls« 
the chronic abscesses are frequently ulcerated and often bleed easily. A rap 1 > 
progressive gangrene may develop on the basis of a chronic abscess. Occasiona . 
the walls of a chronic abscess may become completely lined by the proliferation 
of epithelium from the communicating bronchi. Such an abscess and the com 
munieating dilated bronchi continue to harbor the infection indefinitely. 

It becomes apparent from this consideration of the pathology of a ehunuc 
putrid abscess in the lung that, in the surgical treatment, drainage alone cauno^ 
result in a high percentage of cures. The present report is concerned with 

From the Division of Surgery, Southwestern Medical College. Thoracic 

Read at the Twenty-Seven h Annual Meeting of the American Association for 
Surgery. St Lopis, Mo., May 2S, 29. and 30, 1947. 
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results of the surgical treatment in eighty-six unseleeled piiticnts having chronic 
putrid abscess of the lung. As it bnsis for comparison of the rcsulls obtained 
in this series, we have used the report made by one of us* in 1!)41 concerning 
the surgical treatment of putrid abscess of the lung in thirty-three patients. 
In the former report, surgical drainage was done in all instances. Two patients 
eventuully had pulmonary resection after having been subjected to draiuuge 
previously. Nineteen imtients, or 57.G per cent, were considered well following 
surgical treatment. The mortality was 15.2 per cent. 

TUK 1MIKSKXT SKIilK.S 

The present scries of eases consists of ei ghty-six miseleeled patien ts treated 
surgically by us during a three-year period from 1944 to 1947. Six addi¬ 
tional patients were seen during this period in whom a putrid abscess of the 
lung resolved without surgical treatment. All abscesses of a nonputrid type 
have been excluded from tills study. 

Ninety-nine surgical procedures were carried out in eighty-six patients. 
Because the drainage of a putrid abscess of the lung und the drainage of a putrid 
empyema with a lung abscess represent different pioblems, these eases were con¬ 
sidered separately. Likewise, pulmonary resection for an active abscess presents 
a different problem from u pulmonary resection for the residual of an abscess, 
and accordingly these groups were studied separately. 

The indications for draiuuge of an abscess of the lung consisted of an 
abscess of short duration which was thought to contain a solitary noncpitheliul- 
ized cavity. In a second group of patients, drainage of the abscess was done as 
a matter of expediency with tho (dan in mind of doing a subsequent pulmonary 
resection. The patients in this group were considered either too acutely ill or 
in too poor general condition to withstand a primary resection, or it was be¬ 
lieved thut tho extent of the abscess could lie diminished by drainage, thereby 
decreasing tho amount of lung (issue to be resection tit n subsequent date. The 
duration of the abscesses in this group varied from one mouth to twenty-four 
months, the average being four mid oiie-liulf months. The ages of these patients 
ranged from 14 mouths to 54 veai-s. 

Draiuuge of tile abscesses of the lung was done by resection of small seg¬ 
ments of one or two ribs as a one-stage procedure in almost all euses. A satis¬ 
factory result us judged by disappearance of eougli and sputum, and roent- 
genographie evidence oE resolution with no evidence of bronchiectasis or cavity, 
was obtained in fourteen patients, or 52 per cent of tile twenty-seven instances 
in which drainage was utilized. Niue patients required subsequent pulmonary 
resection because of the persistence of nil abscess following drainage, lu five 
of tile nine putients requiring subsequent pulmonary resection, the drainage 
was dono as a matter of expediency und eventual pulmounry resection con¬ 
stituted a feuture of the original plan of attack. Three patients obtained an 
unsatisfactory result from drainage as judged by porsisteueo of cough and 
sputum or fistula. There was one death due to agranulocytosis following the 
dniinag o of an uliscess hi the right upper lobe. 

•Shaw, Robert R.: Pulmonary Alwcens. J. Toohacio Suna. Ill -133-408, 1012. 
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Table I. Putrid Lung Abscess 
(Eighty-six TJnselected Patients Treated Surgically) 





RESULTS 



PROCEDURE 

NUMBER 

SUBSE¬ 

QUENT 

RESECTION 

SATISFAC¬ 

TORY 

UNSATIS- l 
FACTORY 

MORTALITY 

Drainage of lung abscess 

27 

9 

1-4 (52%) 

3 

1 (3.7%) 

Drainage of empyema and 
lung abscess 

12 

3 

4 

5 

0 

Resection for active lung 
abscess 

52 

1 

43 (82.7%) 7 

2 (3.8%) 

Resection for residuals of 
lung abscess 

8 

0 

S 

0 

0 

Total 

99 

13 

69 

15 

3 (3.5%) 


Drainage of a putrid empyema associated with an abscess of the lung may 
be considered a procedure of expediency in that further surgery at a later date 
may be necessary. This procedure was necessary in twelve patients, three of 
whom had a subsequent pulmonary resection. Drainage of the empyema and 
abscess led to a satisfactory result in only four of these patients. In five pa¬ 
tients the results were considered unsatisfactory as determined by persistence 
of cough, sputum, residual pulmonary cavity, or bronchiectasis. There were 
no deaths in this group. 

Pulmonary resections for active abscesses of the lung were done in fifty- 
two patients. Forty-three, or 82.7 per cent, of these patients obtained what was 
termed a satisfactory result as judged by the absence of cough, sputum, chest 
pain, and residual empyema. The duration of the abscesses in this group varied 
from two mouths to eleven years, the average being fifteen months. The ages 
of these patients ranged from 18 to 25 year’s. Two patients died following pul¬ 
monary resection, a mortality of 3.8 per cent. 

In eight patients pulmonary resections were done for residuals of abscesses. 
The residuals of an abscess consist of a persistent cavity, bronchiectasis, or a per¬ 
sistent fistula with very little evidence of active infection. All eight patients 
obtained a satisfactory result, and there were no deaths in this group. 

A total of three of eighty-six unselected patients treated surgically died, 
an over-all mortality" of 3.5 per cent: 

Pulmonary resections for active abscess es were done as a primary suigieal 
procedure in thirty-five of th e eighty r -six patients, or 40.7 per cent. The indica 
tions for primary resection consisted of an abscess of long duration consisting 
of multiple or multiloeular cavities which were not considered suitable for drain 
age. The presence of bronchiectasis, hi association with an abscess oi se ' ere 
hemoptysis, was considered an indication for primary" pulmonary resection 
The types of pulmonary resection done for active abscess of the lung toge 
with the results obtained are indicated in Table II. ^ 

Segmen tal resection for abscess was utilized in only" thre e instances, 
three patients developed a postoperative empymma. A satisfactory result 
obtained in two patients, but the remaining patient continues to have iepea 
small hemoptvses. There were no deaths in the group of segmental resection 
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Table II. Pulmonary Resections you Active Putiud Lung Abscess 




rUEYlOl’H 

sruontY 

POST- 

OPERATIVE 

EMPYEMA 

RESULTS i 

8 ATI HP AC- j rNHATIS- 
TORY 1 fACTORY 

MORTALITY 

ScRtuentol reaction 

3 

0 

3 

2 1 

OH 

Lobectomy 

33 

14 (40%) 

0 (25.7%) 

29 5 

1 

Pneumonectomy 

14 

3 (21.4%) 

3 (21.4%) 42 1 

1 

Total 

52 

17 (32.7%) 15 (28.8%) 43 (82.7%) 7 (13.5%) 

2 (3.8%) 


T hirty-five lobectomies were done for putients having active abscesses, fourteen 
of whom had lmd previous surgery consisting of drainuge in thirteen instances 
and a previous lobectomy in one. A postoper ative empyema developed in nin e 
put ients, o r an ineideneo of 25.7 per rent in this group. Twenty-nine of these 
patients wero considered to have obtained a satisfactory result. Fivo patients 
were considered to have an unsatisfactory result. There was one death, due to 
severe hemorrhage from the chest wull to which the abscess was densely ad¬ 
herent. Total pneumonectomies for active putrid abscesses were done in four¬ 
teen patients, three of whom had had previous surgery consistuig of drainuge. 
There were three postoperative empyemas, or an incidence of 21.4 per cent. 
Twelve of tho fourteen patients wero judged to have a satisfactory result in 
so far as is possible following a complete pneumonectomy. One putient obtained 
an unsatisfactory result following the removal of a lung for multiple abscesses 
by the mass ligation technique. Ho developed an empyema cavity with a per 
sistent fistula which has persisted in spite of a complete thoracoplasty. Re- 
amputation of the bronchial stump will be necessary to effect a satisfactory 
result. One patient died immediately postO|»eratively duo to cardiac arrest. 

Seventeen, or 32.7 per cent, of fifty-two ]>atients undergoing pulmonary 
resection for active abscesses hud had previous surgery consisting mainly of 
drainage. Fifteen patients, or 28.8 per cent, developed u postoperative em¬ 
pyema. There wero two deaths, a mortality of 3.8 per cent. Tho individual 
ligation technique of pulmonary resection was used in all instances except for 
one patient in whom a mass ligation seemed necessary because of the poor 
condition of the patient. 

Residuals of an abscess were resected in eight patients. Two segmental 
resections and six lobectomies were done. All eight patients obtained u satis¬ 
factory result. Two putients had hud previous drainage. There were no deaths 
in this group. 


Table HI. Resections you Residuals oy Putiud Lung Abscess 





1 POST- | 

RESULTS 


TTPE OP RESECTION 


PREVIOUS 

OPERATIVE 

SATIS- 

1 UN8ATIS- 


NUMBER 

■ 8UR0ERY I 

t EMPYEMA | 

PACPORY 

[ PACTORY 

MORTALITY 


Lobectomy 

Pneumonectomy 

. Total 
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Fig. 1.—J, Roentgenogram of u patient with a large K “I'?V. < l n °yf 11 e b ^tfent 11 two months 
right upper nml lower lobes, of the lung. B Roentgenogram of the su'ue paian ^ (|or8al 

after an expedient drainage. A right upper lobectomy anti u se,^’ e 3 *uuu 1 cavity, 
segment 01 the r tfht lower lobe was ilone latei foi lemoxal of the ies- 
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Fig 2.—A, Roentgenogram Illustrating a putrid abscess of tlie . ! t fe ^ ur months 
lung of nine months’ duration. B. Roentgenogram of the same pane s ) 

primary right upper lobectomy. (Photograph by U. S. Army falgnai 
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DISCUSSION 

As compared with the previous report made in 1941 by one of us, the 
mortality of the surgical management of putrid lung abscess has been reduced 
from 15.2 per cent to 3.5 per cent, and the percentage of satisfactory results or 
the cure rate has been raised from 57.6 per cent in 1941 to 82.7 per cent in the 
present series. It is believed that the increased application of pulmonary re¬ 
section has been responsible for this improvement. Drainage and pulmona ry 
resec tion in the surgical treatment of pulmonary abscesses are complimentar y 
procedures and are not antagonistic. From a consideration of the pathologic 



Fig. o.—Roentgenogram of a patient with multiple abscesses of the right lung of four!’ 
months' duration ; a totai pneumonectomy was done. 


features of abscess of the lung it becomes apparent that drainage alone canno 
result in a high percentage of satisfactory results. We are of the opinion that 
drainage of an abscess should be used only in those patients in whom it is 
lieved drainage will effect a cure or in the group in which drainage is done as 
matter of expediency. In all other instances we believe that a primary P l 
monary resection should be done. Following the resection for an abscess 

V O T ’ 09 7 

this series, 71.2 per cent obtained a primary uncomplicated cure, ana 
per cent obtained an eventual satisfactory result. Cough and sputum mure 
diately disappeared and the patient was cured of the disease by complete r 
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movul of the abscess n.s one procedure. The convalescence following drainage 
is more prolonged but is justified in the interest of the conservation of pul¬ 
monary tissue in suitable instances. 

It is considered possible that common use of chemotherapeutic und unti- 
biotic agents ninv lie a fuetor in the lowering of the over-ull mortality ns com¬ 
pared with the report of 1941. This 1ms been u factor in reducing the mortality 
of the operative procedure through control of the pneumonitis and cellulitis 
associated with an abscess. However, these agents cannot be considered as a 
factor in preventing the development of the pathologic fcuturcs of chronic al>- 
seesses of the lung. During the tlirec-yeur period of the present report, wo 
have seen fewer patients having acute abscesses than previously. It is our dis¬ 
tinct impression that the common use of suifoinmiide.llruga.Bnd the antibiotic 



0.—Urou pathologic specimen of putrid ab»ce*# In tho left upper lobe of fifteen 
jnonth*' duration. Note the multllocular cavity, oplthch*atlon of the cavity waiU, cUrtuae 
nbro»l», and dilated bronchi. 


Q gents has in many instances ind uced a period o f quiescence in au acute ul>- t 
sc iss^ thereby lul ling the attending physici an into~tlie belief th at he has curefl 
th e abscess only to have an exueerbution occur at ti tutor date / More patients 
ore therefore seen during the chronic stage of tile disease, thereby necessitating 
more pulmonary resections and fewer drainages. Chemotherapeutic and anti¬ 
biotic agents are of great value as adjuncts to pulmonary, resection for abscess, 
both as preoperative preparation und postoperative prophylaxis. Another and 
probably equally important factor in tho reduction of the over-all mortality 
bag been the development of u more meticulous technique of pulmonary resection 
as we know it today. Postoperative empyemas occurred in only 28.8 per cent 
of the pulmonary resections done for abscess of tho lung in this series. Most of 
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these empyemas occurred in patients in whom a previous drainage of tile-abscess 
had been done. 

It is our observation that segmental resection for abscess of the lung .yields 
a higher incidence of postoperative empyema than does lobectomy or pneu¬ 
monectomy. Segmental resection may occasionally be indicated for an abscess 
in the interest of preservation of pulmonary tissue, however, because of the 
surrounding zone of pneumonitis usually associated with an abscess, transection 
of lung tissue is dangerous in that infection may be left in the remaining seg¬ 
ments. 

SUMMARY 

A series of eighty-six unselected patients having putrid abscess of the 
lung treated surgically from 1944 to 1947 has been presented. Eighty percent 
of these patients obtained a satisfactory result and the over-all mortality was 
3.5 per cent. A comparison was made with a previous series of surgically 
treated lung abscesses reported by one of us in 1941 in which 57.6 per cent 
obtained a satisfactory result and 15.2 per cent died. It is believed that the 
increased application of pulmonary resection is largely responsible for this im¬ 
provement in morbidity and mortality. The use of chemotherapeutic and anti¬ 
biotic agents has undoubtedly favored the good results of pulmonary resection. 
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Fiiank S. Abum'iin, M.l)., Uooiiesteii, Minn. 

T HE management of chronic lung abscess lias always presented one of the 
more trying problems encountered by the surgeon. This bus been especially 
true of multiple abscesses since these have not responded satisfactorily to 
drainage operations. Even the solitary chronic abscess bus not responded to 
treatment by drainage in an entirely satisfactory fashion. The morbidity is 
usuully of long duration, the mortality bus been of appreciable moment, and 
the end results have fallen short of the desired goal in many instances.. 

Re section of the diseased lob e o r lobes li as achieved acceptance_a.s_the_treut- 
ai gnt of c hoice when surgical intervention becomes necessary in jnultiple, diffuse 
or multiloeub ir chronic pulmonary abscesses. Ninetee n su ch eases are included 
in this presentation m - order to demonstrate that the mortality rate can now 
lie expected to be reasonable, the morbidity can be anticipated to be held at a 
low level, and the end results should be very satisfactory. 

Eleven case s of solitary chronic lung abscess are presented; each patient 
was treated successfidlyby lobectomy rather than by drainage of the abscess. 
Perhaps resection lias not been accepted us yet us the treatment of choice for 
chrome lung abscesses which are characterized by a solitary cavity, and it is 
in anticipation of free expressions of opinion on the matter that these cusos are 
described. 

A good deal of dissatisfaction with the results of drainage of chronic ab¬ 
scesses leiltb^TIiTFIumrtoTidopt tlic~poliey of elective resection. These disap¬ 
pointing results included very prolonged morbidity, often extending into several 
■months; nu appreciable mortality rate; the tendency for these lesions to recur 
after drninugc; and, above all, the consistent residual suppurative changes per¬ 
sisting at the site of the abscess after drubmge. Small residual cuvities and 
bronchiectasis of varying degree and extent (Fig. 1) were demonstrated by 
bronchography in each of six patients studied because of persistent cough and 
expectoration. 

Tlie cases to be piesented.are arranged in three groups as follows: 
flroup I includes eleven patieuts who presented multiple lung abscesses 
which extended beyond the confines of a single lobe of one lung. The ages of 
these patients ranged from 21 to G4 years and the duration of the disease from 
5 to 42 months with on average duration of 1S.0 months (Table I). All were 
subjected to total pneumonectomy aEter failure of conservative therapy. 

A single patient developed n bronchial fistula after, discharge from the hos¬ 
pital. He was readmitted, and the presence of the fistula was established but 
infection of the ploural space did not occur. The fistula was closed by means 

n , Iteatl at the Twenty-Seventh Annunl Meeting of the American > Association for Thoracic 
surgery, St. LouLs, Mo.. May 28. 29. anil 30. 1947. 
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Table I. Group I, Pneumonectomy for Multiple Abscesses Involving More ' 

Than a a Single Lobe 


CASE 

SEX 

AGE 

(YE.) 

DURATION 

(MONTHS) 

OPERATION 

RESULT 

1. (B. F.) 

M 

26 

42 

R. pneumonectomy 

Well 

2. (L. II.) 

M 

21 

15 

R. pneumonectomy 

Death ninth post¬ 
operative day 

3. (J.J.) 

M 

64 

9 

L. pneumonectomy 

Well 

4. (J.K.) 

M 

27 

IS 

R. pneumonectomy 

Well (Bronchial 
fistula after 
operation) 

5. (R.N.) 

M 

56 

9 

L. pneumonectomy 

Well 

6. (K.D.) 

F 

59 

11 

L. pneumonectomy 

Well 

7. (A. H.) 

M 

37 

3S • 

R. pneumonectomy 

Well 

8. (V.B.) 

M 

50 

13 

L. pneumonectomy 

Well 

9. (L. 0.) 

M 

46 

40 

L. pneumonectomy 

Well 

10. (C.D.) 

M 

57 

S 

R. pneumonectomy 

Well 

11. (L. R.) 

M 

54 

7 

L. pneumonectomy 

Well 

12. (R. S.) 

M 

59 

5 

L. pneumonectomy 

Well 


Summary of Table: Twelve cases. Age range from 21 to 6-1 years. Duration range from 
5 to 42 months. Five cases on right side, seven on left. One death on ninth postoperative aa> 
of extensive pneumonitis of remaining lung, result of gross contamination at operation, un- 
postoperatlve bronchial fistula but empyema did not occur. Mortality rate this group, 8.3 per 
cent 


of a pedicled muscle flap which was applied to the fistula opening on tlie sur¬ 
face of the mediastinum. Five weeks later the fistula reopened and is still open 
although once more empyema has failed to take place. This patient suffers very 
little from the presence of the fistula and is not hospitalized. Uultimately, a 
thoracoplasty will be required if spontaneous healing does not take place. The 
circumstances in this case are worth recounting briefly. ..The symptoms of pul¬ 
monary suppuration had been of eighteen months’ duration. He had been hos¬ 
pitalized four months before pneumonectomy for an acute putrid empyema on 
the right side which was drained. The underlying multiple lung abscesses were 
revealed as the empyema healed. Bronchoscopy^ was performed on seieia 
occasions, and a stenosis of the right main bronchus was seen., All efforts to 
improve the condition of the patient by means of conservative measures Tailed, 
and he continued on a progressive, febrile, toxic course. Resection of the hm n 
appeared to offer the only hope of cure, in fact of saving his life. It was aiery 
difficult procedure because of the putrid empyema which had only recen 
healed. Identification of the hilar structures entailed prolonged dissection uu 
despite this, the right upper lobe bronchus was divided, and the main bronchus 
was again divided just below the upper lobe branch. This necessitated lepu 11 
of two bronchial stumps, neither of which could be buried satisfactorily. These 
conditions may well explain the occurrence of the fistula. It is interestm D 
note that examination of the specimen disclosed a cork disk the size of the g aS 
ket on a pop-bottle cap lodged in the right main bronchus. The stenosis ^ ^ 
occurred about this foreign body. The patient denies any knowledge of 10 " 
or when the incident took place. 

There was one death in this group. This patient was a 21-year-old m fl ^ 
who had suffered from multiple abscesses of the right upper and lowei o ^ 
for fifteen months (Fig. 2). During this period surgical intervention hac ^ ^ 
attempted elsewhere on two occasions. An effort to perform drainage o 
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lesions had beau made without Hiieeess. Later a lobeetomy was undertaken but 
was ubundoued after some elTort in that direction. He was seriously ill, and all 
conservative measures failed to provide improvement. Pneumonectomy was 
decided upon and was carried out. The anesthetist was unfamiliar with the 
management of these extremely difficult cases, and at one point the tracheo¬ 
bronchial tree filled with contents from the abscesses and asphyxia ensued. One 



Fts. 1.—A, Chronic solitary pulmonary abscess of right upper lobe. B. Llplwicl Installation re- 
veol» residual cavitation und bronchloctnele nt alto of ab*ce«*. Moderate *yruptom* peralat. 



2 .— (Cajo 3) Multiple chronic pulmonary- ab*ce**ea of rlcht upper and lover lobe*. Two 
previous operation* el*e\vhere. 
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of us dropped out of tlie operating team and bronchoscoped the patient. The 
trachea and bronchi were found to be filled with pus and thick, puttylike par¬ 
ticles which were aspirated with difficulty. The contents of the abscesses con¬ 
tinued to be disgorged into the airway until the right main bronchus was 
clamped, hence it was necessary to keep the bronchoscope in place throughout 
the period required to achieve this step in the resection. A diffuse pneumonitis 
occurred in the remaining lung within thirty-six hours after operation and re¬ 
sulted in death on the ninth day. 

The ten patients which remain passed through uncomplicated convales¬ 
cence periods and have made full recoveries. While we believe in early ambu¬ 
lation, we have set no definite interval for allowing patients out of bed after 
pulmonary resection. As a matter of principle, a patient is made ambulatory 
as soon as he expresses an interest in getting out of bed, if there are no contra¬ 
indications. This is usually between the third and fifth day after operation. 
These patients were discharged from the hospital at periods varying between 
teii and sixteen days after surgery. 

„ ' Group II includes seven cases of multiple abscesses confined to one pul¬ 

monary lobe. The age range varied between, 35 and 46 years. The duration of 
symptoms ranged from nine to thirty-nine months with an average of 20.o 
months for the group. All were subjected to lobectomy (Table II)‘. There were 
no postoperative bronchial fistidas or infections of the pleural space. There was 
one death which occurred on the operating table due to asphyxia caused by 
hemorrhage into the tracheobronchial tree from the diseased lobe. This patient 
had been under treatment elsewhere for thirty-nine months because of multiple 
abscesses of the right upper lobe (Fig. 3). Two drainage operations had been 
performed without favorable results. Daily hemoptysis had been present for fi'e 
months, and these were of such magnitude that repeated blood transfusions were 
required. The situation was indeed desperate; nevertheless,. t an attempt at resec¬ 
tion was elected. The fatal hemorrhage occurred as the bliest was being opened, 
and it caused death by asphyxia. It is possible that earlier recognition of the 
cause with immediate bronchoscopy would have prevented death at that time. 
Postmortem examination revealed that lobectomy would have been virtually Ra¬ 


table n. Group II, Lobectomy for Multiple Abscesses. Confixed to 




CASE 

•SEX 

AGE 

DrilATIOX 
fltfOXTHS) | 

OPERATION' • 

RESULT 

13. 

.(G.N.) 

M 

26 

17 

Middle lobe 

Well 

14. 

(R. H.) 

m 

31 

11 

Middle lobe 

Well 

15. 

(J. M.) 

M 

44 

9 

Middle lobe 

Well 

16. 

(S. A.) 

M 

25 

19 

Left upper lobe 

Well 

17. 

(J: S.) 

j\I 

. 36 

39 

Thoracotomy 

Death on 
asphyxia 




' 



front be: 







rlinge 

18. 

(A. W.) 

M 

24 

29 

Left lower lobe 

Well 

19. 

(A. M.) ■ 

M 

46 

20 ' 

Right upper lobe 

Well 


tabic of 


Summary of Table: Seven cases. Age range 25 to 46 years. Duration range fF on the 
to thirty-nine months. No postoperative hronrhlal flstulae or eninvemns. Ope oeau* ^g 
operating table due to hemorrhage from the abscesses and asphyxia. Mortality rate 
group Is 14.3 per cent. 
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Fig. 3.— (Ciiku 17) Multiple chronic imiImioh.ii> nbw*' >h*h nf nJit up|M*r lulu*. Cnthuicr 
In truLheu In clTnrt to till dlsciimil iolx> with m^Iix- «l ml. Two pi minus opcmtlon* olnowhoru. 

Kip. 4.— (Cum> 19) Multiple chronic |mlinon.ir> nbmvM'K of right upper lobe. Drain- 
apo operation* performed twice cIhcwIicic. 



. 1 . "• 

Fip. fi.—,t (O.iBU 23), Solitary pulmonary nbncea.i of right lower lobe. rt\e montlu>' duration. B, 
Lditeral \*ic\v, name patient 
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possible. Tlie six patients who remain in this group passed through the post¬ 
operative convalescence period without complications, were out of bed no later 
than the seventh day, and were ready to leave the hospital on or before the seven¬ 
teenth day after operation. 

Three of these patients had received at least one previous attempt at sur¬ 
gical drainage (Fig. 4). Two of them had been drained upon two previous occa¬ 
sions. ’ Technical problems are greater under such circumstances, particularly, 
because the lobe becomes extremely adherent to the chest wall at and about the 
site of drainage and because perforation of the diseased lobe at the site of 
previous drainage is quite likely to occur with resulting contamination of the 
pleural space. 

Group III includes eleven patients with solitary abscess of the lung, each of 
whom was treated by lobectomy (Table III). The ages of these patients varied 
from 17 to 56 years and the duration of disease from four to thirty-seven 
months with an average duration of 11.5 months. Two of these patients devel¬ 
oped small bronchial fistulas with empyemas of leather limited size after opera¬ 
tion. There were no deaths in this group, and all are well at this time. A typ¬ 
ical ease from this group is displayed in Fig. 5. A large, thick-walled abscess 
was present which was easily accessible for surgical drainage; nevertheless, 
lobectomy was elected as the treatment of choice and this particular case was 
one of the most difficult to resect in this entire group. The postoperative 
convalescence was entirely satisfactory, and the patient left the hospital on the 
tenth day after operation. 


Table HI. Group in, Lobectomy for Solitary Chronic Pulmonary Abscess 





DURATION 


CASE 

SEX 

AGE 

(MONTHS) 

OPERATION 


result 


Summary of Table: 
to thirty-seven months, 
deaths occurred. Two of 
scess or failure to heal. 


Well 
Well 
Well 
Well 

Well .. . 

Well (Bronchial 
fistula with 
empyema) 

Well 
Well 
Well 

WeH ,. . 

Well (Bronchial 
fistula with . 
empyema) 

Eleven cases. Age range 17 to 56 years. Duration range a '° jfo 
Two developed postoperaUve bronchial fistula with emp} ab _ 
these cases had been drained elsewhere with recurrence 


20. 

(R.W.) 

M 

24 

5 

Right lower lobe 

21. 

(J.C.) 

M 

20 

9 

Left' lower lobe 

22. 

(V. H.) 

F 

18 

26 

Left lower lobe 

23. 

(J.M.) 

M 

27 

5 

Right lower lobe 

24. 

(D.M.) 

F 

34 

37 

Right lower lobe 

25. 

(G. S.) 

F 

17 

4 

Right upper lobe 

26. 

(F. G.) 

U 

36 

7 

Right upper lobe 

27. 

(B.J.) 

M 

19 

4 

Right lower lobe 

23. 

(J. B.) 

M 

46 

8 

Right lower lobe 

29. 

(S.R.) 

M 

56 

18 

Right upper lobe 

30. 

(Z. SI.) 

F 

43 

5 

Right lower lobe 


The choice of resection rather than surgical drainage for patients P resen 
ing a solitary pulmonary abscess has been deemed justifiable due to th e j in 
favorable results achieved by the latter means. ,TliQ_s eries is sm alh^audjHl— 
..experie nce may prov e that the ris k is greater tha n that entailed-m_dlgJ XIll S e 
an~abscess^ If~that proves to be the case, we shall be compelled to revert 
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drainago operations. However, if the mortality rate is found to he no higher, 
we feel that it will heeome the procedure of choice since the morbidity is greutlv 
reduced and the end results are much more consistently of a satisfactory char¬ 
acter. 

It should he made clear that we are not choosing resection for the treat¬ 
ment of refractory acute pulmonary abscesses but are limiting it to use in 
cases of long standing, chronic pulmonary abscesses. 

The role of the anesthetist is extremely important in all forms of thoracic 
surgery, and it Is vital in cases of chronic pulmonary suppuration. Perhaps 
the most exacting duty which falls upon him is prompt recognition of the pres¬ 
ence of secretions in the airway and the immediate removal of same. This 
often requires the frequent use of the bronchoscope during operation since 
catheter aspiration of the airway is inadequate in many instances. 

We arc convinced thut penicillin has heel) of great value in reducing infec¬ 
tions of the pleural space and virtually eliminating wound infectious after sur¬ 
gery for cases of this type. Nevertheless, the most important factor iu reducing 
postoperative suppuration has, in our opinion, been the use of the individual 
ligation technique for pulmonary resection. 

SUMMARY 

1. Thirty cases of chronic pulmonary abscesses have been treated by pul¬ 
monary resection. Nineteen were cases of multiple diseases and eleven.were of 
solitary abscesses. 

2. Eight of these patients had received one or more previous operations for 
the treatment of these lesions. 

•"1. The average age for the entire group is .'(.'I years, minimum age 17 years, 
maximum age 6-t years. 

4. The average duration of disease in the entire series is 16.2 months, mini¬ 
mum duration four mouths, muximuui forty-two months. 

5. There were two deaths {6.6 per cent) in the entire series. These have 
been described in detail. 

6. Greater experience with resection for solitary pulmonary abscess will be 
necessary before the safety of the procedure can be established. The end re¬ 
sults were excellent iu the eleveu such cases of this series. 

7. The postoperative morbidity' is sharply reduced iu contrast to that ex¬ 
perienced after drainage of solitary pulmonary abscesses. 

8. The end results following resection for chronic pulmonury abscess 
promise to be favorable with higher constancy than after drainage. 

DISCUSSION 

DR. JAMES D. MOODY, Durham, N. C.—I would like to oak Dr. Paulson wlmt inci¬ 
dents of contralateral and ipsilateral sprend he line bed In lib eases of resection. I note that 
Dr. Kent bus had some difficulty with it. - 

During the past several months wo hare lieen working on nn instrument designed to ob¬ 
struct the bronchus and prevent tho spread of purulent secretions during pulmonary resections. 

(Slide) On this sUdo is depicted the instrument which wo havo finally developed; you 
yrlll note tlutt It co nsis ts of a small rublier balloon mounted on tile end of a doable-lumen, 12 
French, rubber cathoter. 
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I am sure you are all familiar with the disadvantages of some of the instruments which 
have been developed in the past, namely, that they have tended to slip out of place at in¬ 
opportune times. We have attempted to get around that by constructing this metal apparatus 
which fits around the balloon in this manner. As you note, it has several small one millimeter 
points at the ends. This holding apparatus, as we call it, is made in three sizes to tit the 
varying diameters of the bronchi where the balloon is placed. 

(Slide) On this next slide is depicted the manner in which the points of the holding 
apparatus are embedded in the bronchial mucosa. On deflation of the balloon, the points 
resume their original position, and the entire apparatus may be withdrawn from the bron¬ 
chus without harm to the bronchial mucosa. 


The proximal end of the double lumen catheter is connected to a sleeve valve which, 
when closed, maintains inflation of the balloon. This enables us to place the balloon in the 
bronchus and then remove the bronchoscope without fear of dislodging the balloon. 

(Slide) This is a diagram of the function of the balloon in a theoretical patient with 
lung abscess. You will note the large lung abscess with a fluid level and the balloon ob¬ 
structing the left lower bronchus, thus sealing off any drainage from the abscess. 


For a pneumonectomy on the left side, the balloon is i htced between the. enrina and 
the left upper lobe orifice. For a pneumonectomy on the right, it should be placed at this 
spot, and at the corresponding levels for resection of the right middle and/or lower lobes. 

During the past ten months we have employed this instrument in a series of twenty-three 
cases in order to work out a technique for the instrument. Of these twenty-three cases, 
approximately one-half of them were done for bronchiectasis, five for tuberculosis, and the re¬ 
mainder for carcinoma and lung abscess. Bronchial occlusion has been perfect in all eases. 
This has been evidenced either by atelectasis of the affected lobe or by lack of inflation on 
positive pressure anesthesia. 

I failed to mention that the instrument has a twofold purpose. It is designed to ob¬ 
struct the bronchus to the affected lobe, anil also to produce atelectasis distal to the balloon 
in the bronchus. The atelectasis, of course, gives the surgeon much more room within which 
to work; lie may, therefore, maintain inflation of the upper lobe on that side if he so desires, 
providing he is doing a lobectomy. 

There lias been no interference with anesthesia in any of our cases. In fact, .incs 

thesia has been considerably aided through obviating tracheobronchial suction. There hn\e 

been no harmful effects in any of the patients. Four of the patients had thoracotomies udh 
out removal of pulmonury tissue. 

The mechanics of placement and operation of the instrument have proved quite simple 
over a period of several months. The balloon has retained its primary function of remam 
ing in place securely in all except one case. In this particular instance, the bronchus wa 
a mass of tuberculous granulation tissue, ami it was thought preoperatively that the hallow 
would not remain in place. However, it did so much longer than was expected. 

Inasmuch as this series of patients was used in working out a technique for the use 
the instrument, v;e have not expected, of course, 100 per cent success. We have liaa ^ 
contralateral spreads, all occurring in the first few cases in the series, and fortunately “ 
quite minimal. There are certain factors explained in the paper on this subject which " e ( 

lieve may account for the spreads having occurred at the time when the balloon was not "i 

the bronchus. 


tu » 


care, 


The results in these cases are considered quite satisfactory, and we hope 
balloon, along with improved methods of bronchoscopy and pre- and postoperative 
large series of patients during the coming year, in order to determine whether or not the 
strument may reduce the incidence of contralateral spread. 


I)R. DUANE CARR, Momphis, Tenn.—I am sure that most of the men would •*„ ^ 
that resection is the trentment of choice for multiple lung abscesses scattered throughou 
lobe or entire lung. 
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Dr, Kent hns points! out one of tin* difficulties which nmy arise in (he execution of such 
u procedure, tluit of Ilia execssivo nmounr of secretion which will produce floodiug of tho 
brtmrlii of the opposite lung. Many here lmvc Itecomo convinced of tlie advantages of the 
face-down ptwition of the patient on the operating table in such a situation. 

However, tables designed for thin purpose, such as the one demonstrated at tills meeting, 
are not nvnilable to nil of us. 

Dr. skinner and I were faced with this problem in a young girl who Imd extensive ab¬ 
scesses scattered throughout one lung, and although we Imd bronchoNjopod tho patient previ¬ 
ous tu tho induction of anesthesia and during the operation, we wore forced to discontinue 
the procedure lieforc its completion. 

We were forced to improvise an nttnehruont to peirnit a fuce-dowu jmsition and found 
an ironing board with six inch blocks to support it adequate for tho purree. A section of 
the board was cut off with a saw to permit the incision to 1 h> extended around to the an¬ 
terior nxillnry line. In this fashion the pntient was elevated from the table and adequate 
ream wn« allowed for an excellent exposure. 

Ten days Inter Dr. Hkinncr and I were able lo complete the operation and the ease with 
which this patient went through the anesthetic and the ojH'mtion was amnr.ing. No difficulty 
ffaa encountered in. keeping tlu* trachea and bronchi clean uud tlie patient nmde a satis¬ 
factory recovery. 

Ho for thoao of you lo whom a thousand dollar tulde especially adnptod to the face¬ 
down position is not available, an ironing l>o ard, a couple of six Inch blocks, and a saw wil^ 
permit vo u to operate upon these patients without the coinplicationH of flooding the co ntra¬ 
lateral lungwith pus. 

DR. RALPH A. DOUNEK, Iowa City, Iowa.—At the University of Iowa we have a 
wries of twolve pulmonnry rejection* for abscess of the lung since 1941. Two of these were 
pneumonectomies and others lol>ectomies. 

Thore was odd mortality. This death occurred in the ense of a white woman 28 yenra 
old who laid been seen at the University Hospital off and on since 1938 with bilateral lung 
abscesses. Her chief symptoms had l>ccn recurring attacks of pleurisy and hemoptyses. In 
1043 slio spent eleven montlis in the Iowa Htnte TuImwcuIomm Kanatorium, where many studies 
for tulwrcle bacilli, including cultures and guinea pig inoculations, were negative. During 
this stny, a right phrenemphmxis was performed and there was a resultunt temporary cessa¬ 
tion of hemoptyses. However, in April 1945, they again recurred and became frequent 
and severe. 


Hoping to eliminate the causo of her bleeding, bilateral lobectomies were ndvised. On 
Aag. 0, 1046, 1 did a right thoracotomy. Both the middle and lower lolnrs were found to 1* 
involved in a marked Inflammatory process and were, therefore, extirpated. Immediate post¬ 
operative bronchoscopy revealed blood coming from the left mnin-stcni bronchus. Studies 
°f the tissue removed showed a number of abscesses with a central necrotic area containing 
foul, thick, grepnish pus Burrounded by a 3 to 5 mm. zone of dense connective tissue. There 
vnw w>me associated bronchiectasis, atelectasis, and pneumonia. Cultures of pus from the 
cavities revealed Monilia albicans, na bad l>een found once in her sputum preoperutively. Sub- 
*?<iucrat sputum studies rovenled large amounts of the same orgnnism in numerous specimens. 

The patient had a rather stormy postoperative course. X-rays showed clouding of both 
long fields—apparently duo to a spread of infection from the hemorrhage. Tliis appeared 
to increase, although the patient's condition seemed to improve. The patient began having 
Paroxysms of marked dyspnea and insisted that ahe wns going to die. She did die during 
tfoe of heT attacks of paroxysmal dyspnea on the twonty-flrst postoperative day. Unfortu- 
^lel.v, we were unable to obtain permission for an autopsy and thus were unable to study 
the cure further os to whether her abscesses and death had been due to Monilia albicans. 

A second cose of particular interest to us was a white man 45 years old. He had had 
Hie onset of a Inng abscess following the f< flu ,f in June, 1946. He wns admitted to the 
iowu State Tuberculosis Sanatorium on Nov. 18, 1946, because of the suspicion of tuber- 
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culosis due to tlie cavity in the right upper lobe. He was raising from two to five copfuls 
of foul-smelling sputum per day. Many studies for tubercle bacilli were negative. Likewise, 
frequent bronehoscopic examinations failed to reveal the presence of a tumor. 

Feeling that this chronic lung abscess obviously would not respond to simple drainage, 
and fearing that we might be dealing with a carcinoma, we felt that this patient deserved 
exploration. I explored him in February of this year, and found a woody right upper lobe. 
The process, confined entirely to the upper lobe, appeared inflammatory and there was no evi¬ 
dence of node involvement. Consequently, I carried out a right upper lobectomy. 

(Slide) The examination of the specimen postoperatively revealed a very marked in¬ 
flammatory reaction within the entire right upper lobe, with the cavity shown in this slide 
partially opened. Grossly, the pathologist noted numerous “tiny golden dots” which 
microscopically were interpreted as actinomycetes. 

Some of the tissue was taken immediately to the bacteriology laboratory, and their 
studies revealed the presence of actinomycosis. 

This patient’s postoperative course was somewhat disturbing for a few days. He raised 
a fairly large amount of sputum, and we had the impression that he had an atelectasis of liis 
middle lobe, probably due to distortion of the middle lobe bronchus. I had placed a water- 
sealed catheter into the thoracic space at operation. The water seal was converted to active 
suction, and this apparently relieved the distortion of the middle lobe bronchus with very 
rapid disappearance of the atelectasis and obliteration of the apical space. 

The patient’s postoperative course from then on was satisfactory. He was given peni¬ 
cillin, 50,000 units every four hours, until his disclmrge on the twenty-second postoperative 
day. He has been seen several times since discharge and appears quite well. 


DR. ROBERT R. SHAW, Dallas, Texas.—Surgical drainage of an ncute pulmonary 
abscess yields a highly satisfactory' result in almost every case, with maixmum preservation 
of pulmonary function. 

There seem to be two factors that are leading to the increased application of resection 
in the treatment of this disease. First, of course, is the factor of the increased safety of 
pulmonary' resection, due to refinements in technique of the handling of the hilum, of ones 
thesia, and in adequate blood replacement. Second, there is the factor of the increased use 
of antibiotics in the early treatment of this disease. We all know that antibiotics, chi y 
penicillin and the sulfa group of drugs—I, my'self, have had no experience with streptomycin 
—will induce in many of these patients a period of quiescence which lulls the physician into 
feeling that the patient is probably all right. Only later it will be found that tlms patient 
continues to have symptoms and flare-ups of the disease, and at this time it will bo 0UIU 
that the complicated features of this disease have already become established. Once these 
features have become established, simple drainage of the abscess will usually' not nlon' 
effect a cure. That, of course, briugs us into the incrensed use of pulmonary resection. 

I want to congratulate Dr. Kent and Dr. Aslibum on their very low percentage of 
empyema. We have not been able to achieve as low a percentage as they have achieved, 
can look buck upon several eases in which the occurrence of the empyema was definitely i 11 
to a technical fault of my own. In two patients having pneumonectomies, I left 11U ^ 
necessarily long bronchial stump, and I am sure that contributed to a bronchial fistula wi^ 
empyema. They subsequently received good results, following a complete thoracoplasty 
thq empyema. In one other patient—much the same as Dr. Kent described in telling of 1 e 
fatality, a patient who had had a previous drainage and also a previous attempted resection" 
while operating under unfavorable circumstances in a strange hospital, I had to use u>n M 
ligation technique to get out of the chest expeditiously and save the patient’s life. “ 
resulted in a very long stump, in that the bronchi were actually cut at the branches an^ 
not at the main bronchus. This patient is alive, but does have symptoms due to this o = 
bronchial stump, and I am planning to amputate it at a later date. I hope that eventun . 
he will obtain a good result. 
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In other cases It nmy bo thought wise oven to invito the complication of on empyciuu 
in order to presorvo pulmounry function. I do not think that we should ho concerned only 
with the preservation of pulmonary function in people of middle age, or perhaps the elderly 
group. Wo hope that the person of 20 and 30 years will arrive nt the ago of 50 or CO, and 
then pulmonary function will bccomo rery important to him. So that iu overy patient I 
think wo should strive to preserve as mucli normal pulmonary tissue os possible. Because 
of that, I have nt times elected to break into infected nreaa along figure lines, whero the 
only extension into the neigldwring lolw la nloug a fissure line, and in that way I have ob¬ 
tained a postoperative empyema. I do not fool that the increased morbidity that thin patient 
incur* is important when considering, ab*o, the letter result that he will get from the residual 
pulmonary -tissue that was left behind. 

DR. ANTHONY R. CURItERI, Madihon, Wis.—1 believe the essayists should be com¬ 
mended for demonstrating tho low rnto of nmitnlitv associated with pulmonary resection in 
the treatment of chronic lung abscess. 

Wo welcome this discussion, because for n long time we entertained a notion that our 
approach to this problem was a very radical one. We have employed pulmonary resection 
in chronic lung abscesses since 193D. Originally, it wbb used in instances of multllocolar 
al>seeK»ea because of high mortality and morbidity. 

With the introduction of the individual ligation of the hilar structures, there was n 
tremendous improvement in tho mortality and morbidity rate. With tho refinements in anes¬ 
thesia, as mentioned by Dr. Shaw, and improvements in pro- und postoperative core, and our 
own greater experience in pulmonary resection, the operation is now relatively safe. 

We beliovo it ht the operation of choice for chronic lung abscess, beenuse, first, It 
eliminates the disease immediately; second, there is no possibility of the development of 
*£queloc such a* bronchiectasis; third, tho disturbing complications of hemorrhage, embolic 
brain abscesses, and tho persistent and annoying bronchopleural fistula are done awny with; 
and fourth, wo do awny with the prolonged convalescence. 

Recently we received the, pulmonary resections of the paft two years, and noted thirteen 
cuse* of chronic lung abscess. We did not include any ease of extensive bronchiectasis with 
marked nlveolar attacks, nor congonitul cystic lungs with secondary infection. 

Of thU group of thirteen, thcro were soven on the right side and six on tho left *lde. 
The duration of symptoms was from three months to three years. The averugo stay in tho 
hospital was seventeen dnys, with the shortest period ton days, postopemtively, aod the long¬ 
est twenty-four duys. 

We believe the immedinto results have been very good, although n final statement re¬ 
fining prognosis cannot bo made until n few years Imre elapsed. There lias been no fatality 
in our. series. 

I would like to mention that in regard to control of sputum we have employed n 
Trendelenburg position of 20 degrees. 

DR. EDWIN J. GRACE, Brooklyn, X. Y—In the early summer of 1943 I had the 
opportunity of reviewing the work on aerosols ]>elng dono by Dr. Vernon Bryson a* a civilian 
•dentist doing resenreh for Chemical Warfare Service- at Cold Spring Harbor. I subsequently 
became associated with, him and we endeavored to see what conld be done in furthering the 
of aerosol therapy ns a method of treating pulmonary disease. 

We concluded from animal experiments that a more efficient method of using aerosols 
might be to depend not on antibiotics alone, but to use them with wetting agents (or deter¬ 
gents), thereby possibly increasing the penetration of suppurative material and providing 
certain more obvious advantages which X will specify in a moment. 

If we come back to the fine philosophy so strongly emphasised yesterday by Dr. Graham 
“d live with fundamentals wo rarely go wrong. Following this reasoning we observed, and 
Pat to uso clinically the observations of Dr. Demercc, the Director of tho Department of 
Genetics, Carnegie Institution of Washington. He has sliown flint there is a possibility of 
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resistant strains developing if inadequate amounts of penicillin are employed. 1 might also 
say that this significant observation was noted in an editorial in the J. A. M. A. If we are 
going to employ antibiotics at all we must use them in large and adequate doses. Failure to 
do so may account for the comment sometimes heard that aerosol therapy produces clinical 
improvement that is too often followed by remission. The antibiotic must be brought in 
direct contact with the organism if you are going to eliminate infection. Florey has constantly 
emphasized this fundamental. 

With our specific problems of pulmonary infection, we must realize that if we give 
antibiotics parenterally, only a small percentage actually reaches the infecting organism in 
the lung. The ideal method, we feel, is to use parenteral injection only as a secondary 
supplement to the infinitely more important fundamental of topical application. 

Depending on the disease involved, we feel that, more effective treatment for suppurative 
disease of the lung may be obtained by aerosol therapy, using penicillin or streptomycin, with 
combinations of the two where indicated by bacteriologie findings. Our present clinical re¬ 
sults reveal that the use of a suitable detergent as a vehicle for inhaled antibiotics may Ire 
the method of choice. Use of detergents is based on the findings of Dr. Bryson that the ac¬ 
tivity of penicillin, and, to a lesser extent, streptomycin, may be significantly enhanced by 
detergents as demonstrated by experiments in vitro and upon animals with pulmonary dis¬ 
ease. In addition, the possibility of increased penetration and the specific germicidal effect 
of certain detergents, such as members of the quarternary ammonium series upon antibiotic 
resistant organisms, must be considered in preparing active antibacterial preparation de¬ 
signed to minimize the likelihood of resistant strains becoming established as clinical entities. 
In particular, it is important that doses of penicillin and detergent that will reduce, but 
slightly the number of pathogenic bacteria when used separately may completely eliminate 
the bacteria when an antibiotic-detergent combination is employed. The effect on staphy¬ 
lococci and pneumococci can be shown to be far more than additive nud corresponds to the 
process ordinarily defined as synergism. The therapeutic result may then be more favorable 
than might be anticipated from the sum total of the antibacterial substances used. Be use 
penicillin w-ith streptomycin in a detergent which is a moderate bactericide and in addition, 
by mouth, we very- often use some of the sulfa derivatives. 


DK. RALPH B. BETTMAN, Chicago, Ill.—We would like to have you state the kind of 
detergent that you used. 

DR. GRACE, Brooklyn, N. Y.—We have used an extremely efficient detergent dealin D 
with cases of chronic osteomyelitis, namely Aerosol O.T. or Aerosol Wash., closing twenty-four 
out of twenty-nine cases. These chemicals should not be confused with the general term, 
aerosol . . . meaning a suspension of fine particles in a gas. 

In our enses of pulmonary suppuration, we have used Zephirnn chloride 1:1,000 aqueous 
solution as a vehicle for antibiotics. We dissolve 300,000 units of penicillin in 3 c.e. 
Zepliiran chloride or add 300,000 units of streptomycin to 100,000 units of peniciUu 
Zephiran depending upon the diagnosis. The patient inhales aerosol every' six to eight hours, 
using a nebulizer operated from an oxygen tank. We make it a point that the 
exhales forcibly and then breathes very, very deeply. Zephiran is a more potent germic 
than Aerosol O.T. but a less efficient wetting agent. 

The perfect detergent is one which will do three things: (1) act independently « s 11 
germicide; (2) reinforce antibiotic activity by synergistic effect, and (3) act as a P eno j 
trating agent to insure contact with necrotic substance. We feel that with an efflc ‘ c “ 
detergent we might be able to pentrate he necrotic material of which Dr. Block 1ms 

In a very’ limited series of enses of pulmonary tuberculosis (eleven), we have 
patients with large cavities who were freed of tubercle bacilli and whose cavities w 
closed after treatment with antibiotics ranging from four weeks to nine weeks, emp 
a detergent and producing synergistic action in the method described a moment ago. 
other eight cases have shown improvement but at this early date it is not possible to nia 
a sound evaluation. 
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In closing, I want to make uu urgout plen. I would very strongly lecomutoml that, 
ns a prophylactic measure in itself, when any suppuration is Involved, you use this method 
ns nn excellent preoperative preparation, and I think many of the men will bo oJiinred at 
how frequently some of their lung abscesses limy disupjicnr if treated on this luuds, using 
detergents. Certainly, before any major operative procedure for tuberculosis or other 
suppurative disease of the lung if performed, the conservative and noniuutilating method 
of antibiotic-detergent uorosol thompv should lx* used. 

Hit. J. KAKJL. 1*01*1*11, Portland, On*.— I Imve l>een Interested in the problem of the 
comparative mortality of drainage and resection in lung alwcssen fur some time and Imve 
attempted to rovlcw a long series of eases at Ilnrnes llospitnl In Ht. Louis to get a more 
accurate estimate of that comparison. 

In. reviewing this series I found great difficulty in differentiating lung al»*eo»scfl and 
bronchiectasis. Tlmt may sound peculiar, but n numhor of the chronic lung abscesses we 
resected bhowed only bronchiectasis on the pathologic Motions, tin* distinction thero being 
whether or not tlio cavity or cavities were lined by epithelium. That distinction or that 
state of the abscess lxirc a very definite relationship to the mortality nite on resection. 

Tlie undrained abscesses or poorly or inadequately drained abscesses had u mortality rate 
that was approximately twice that of the resections for bronchiectmds. Tlmt mortality 
varied considerably from year to year. The series went buck to 1020, at which time the 
mortality rule for both lesions was considerably higher. It dec leased progressively during 
tho period up .until ubout 1942, but the comparison mis still about 5() per cent higher 
for tho undruined abscesses. 

After n cautery pneumonotomy had been performed in a certain uumlicr of these eases, 
even though a lobectomy tra« still required, the pathology was entirely different. "We no 
longer had a true abscess on puthologle examination. We had epithelium-lined, well-drained 
cavities, which really constituted bronchiectasis. This situation may have changed now, with 
tho lcductiou in virulence of the organisms bv i»cnicillin. 1 thought it was very interesting 
tlmt the mortality varied so much with the coudition of the ab^-osaes, depending lurgely 
on previous drainage and chronicity. 

HR. OTTO C. BRANTIGAN, Baltimore, Md.—1 hesitate to prolong the discussion, but 
1 think the essayists should l>e commended on their very excellent work and its presentation. 

1 nm sure thoro is no question in the minds of the meuilx'r* of this society eoneeming the 
efficiency or tho desirability of pulnionnry resection in the treatment of ehrojiie lung nb- 
»^ess. Hurgkul druiuugo of chronic lung abscess in the past resulted in n mortality rate of 
to (JO per cent. With n mortality rate as low as tlmt rejMjrted by the authors, pulmonary 
•section by comparison is a very conservative method of tientment. 

Aside from the lower mortality and the higher percentage of patients cured by pul 
nionary resection or chronic lung ubscoss, such a method of treatment is n safeguard against 
carcinoma of tho lung associated with lung ubseesa. Often it is impossible definitely to 
eliminate carcinoma of the lung when lung abscess is present. During the past two years I 
have started the operation for chronic lung abscess only to find in three patients an associated 
TOttinoma when the thorax was upened. In eucli case tlie lung was removed. 

In my exixjrienco there has Iwon no difficulty with spread of infection to the other side, 
hat in tho past two years patients have l>ccn pluced in tlie face down position during 
operation. ,A special operating table has not been uvuilnblo but the neurosurgical cerebellnr 
attachment for the usual ojiernting table has l>ccn used and found quite satisfactory. 

HR. DONALD L. PAULSON, Dallas, Texas.—In tho presentation of our material, L 
fleeted to state tlmt the Individual ligation technique was used in nil cases except for tliis 
<‘no case which Dr. Rlrnw deserilx'd la bis discussion, in which a mass ligation was considered 
advisable. 

As to tho incidence of contrulnternl or ipsilntcrul spicud, we have hud only one cuse of 
*hnt might be considered n direct extension from n right up{>er loin* abscess Into the right" 
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middle lobe. At the time of resection, of the right upper lobe abscess this wus recognized, but 
it was decided to take a chance on this process being reversible, and preserve the middle lobe. 
It was necessary at a later date to go in and resect the middle lobe.- There have been no con¬ 
tralateral spreads. 

I agree with Dr. Grace that the value of antibiotics is very great in the preoperutive 
preparation of these patients for surgery, and in the prophylaxis of the development of 
pneumonitis, cellulitis, and . empyema postoperatively. 

Certainly in any case in which carcinoma is suspected from the patient’s history or the 
findings, a thoracotomy should be done to determine the precise nature of the lesion. 

DR. E. M. KENT, Pittsburgh, Pa.—Contralateral spread is a problem. We had two 
additional cases which responded to antibiotic therapy. We have not used the face-down 
position. We have had to use bronchoscopy, as indicated, during operation and at the close 
of the operation. I think that possibly the face down position is the ultimate answer to most 
all of these spreads, whether they are tuberculous or nontuberculous cases. 

It was mentioned that carcinoma frequently is responsible for chronic or chronic-appearing 
lung abscesses, and that is quite true. None of those cases have been included in this group 
presented today, but it is so important a consideration in the diagnosis of that disease that 
very often resection is necessarily elected because of the uncertainty in patients of the car¬ 
cinoma age group, and it has been mentioned earlier, I think, by one of the men, that about 
one-third of the cases they resected on that assumption proved, after the removal of the lung, 
to be on a carcinomatous basis. 
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CLOSED INTRAPLEURAL PNEUMONOLYSIS 
An Anat.yhis op 1,000 Consecutive Operations 

J. Gt-aude Day, M.D., and (dy invitation) Paul T. Chapman, M.D., 

AND E. J. O’BRIEN, MJD. 

Detroit, Mien. 

T UAT pneumouoly.sis is essential to a properly balanced program of collapso 
therapy is axiomatic. Its judicious and skilled application in as many pnou- 
niothoraees' with restraining adhesions as is consistent with safety is desirable. 
Its complete omission or infrequent use may be os harmful as its too ambitious 
application. We are not in aeeord with a current tendency to regard it as a 
procedure which should lie employed universally in every pneumothorax with 
adhesions, and, conversely, we feel that the failure to utilize it to its fullest 
capacity when the indication is clear is inexcusable. 

It is tile purpose of this paper to study the effects of pnoumonolysis upon 
the course of pneumothorax; to examine the fnctors thought to be responsible 
for the significant complications; to report the present status of the patients 
after a follow-up period of from six months to seven years, and to attempt an 
evaluation of the ultimate fate of the pneumothorax in relation to pueu- 
mnnolysis. 

It has been our feeling that many of the reports dealing with the results of 
pneumonolysis have been limited too strictly to the immediate postoperative 
period. The failure to recognise that the eventual fate of the pneumothorax 
may be and often is inseparably linked with the influence which the pneumonoly¬ 
sis has exerted on its course, has mitigated against an necurute evaluation of 
either. Such preoccupation with the operatiou itself and failure to accept the 
occurrence of many late complications os directly related to the operation are 
not consistent. 

The early recognition of the importance of pleural adhesions ill preventing 
effective pneumothorax led to attempts to devise methods for freeing them. 
Friedrich, in 1908, first divided adhesions through an incision into the pleural 
cavity. This method of opon pueumonolysis was used much later with con¬ 
siderable success by Anderson and Alexander, 1 O’Brien,* and Carter.* Al¬ 
though before the perfection of intrapleural pueumonolysis it was thought to 
have a respectable place in the surgical treatment of tuberculosis, its many 
obvious disadvantages soon eliminated it almost completely. It is mentioned 
here only to condemn it. Its recent revivul in certain isolated clinics is to be 
deplored. 

w From the Department of Thoracic Surgery. Herman Kiefer Hoapltal. Detroit, and the 
Ym * H. Maybury Sanatorium, NorthvIUe, Mich. 

Read at the Twenty-Seventh Annual Meeting of the American Association for Thoracic 
surgery. 8L Louie. Mo, May 28. t9, and 80. 1947. 
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The opera'ion for the severance of adhesions under endoscopic guidance 
was devised by Hans Jaeobaeus 1 in 1913. Tlie method employed by him, modi¬ 
fied by Unverricht/* and later improved by the introduction of newer types of 
telescopes, electrcsurgical cutting instruments, and various accsesory equipment, 
is still the most widely used. Ralph Matson" popularized the operation in this 
country and was the first to discard the galvanoeautery for electrosurgery. He 
devised electrodes which were described by Moore 7 as the most useful to be bad 
for intrathoracic work. Moore 7 has used the electrosurgical method exclusively. 

Davidson 8 and Cutler 8 in this country and Chandler 10 in England were the 
first to devise an instrument combining the telescope and cutting electrode 
adaptable to use through a single portal of entry. The O’Brien modification of 
the Davidson-Cutler thoracoscope has gained wide popularity in recent years 
and was used by us exclusively in this series. • Though many advantages are 
cited by the proponents of both methods, it is likely that the resultsof experi¬ 
enced operators will not be significantly different. 

Because of lack of uniformity in selection of patients for operation and in 
definition of complications, this procedure lends itself poorly to analysis, and 
comparison of statistics is difficult. 

Matson" reported that in 152, or 61 per cent, of 249 patients the operation 
was technically and clinically successful; an additional nineteen (7.6 per cent! 
were clinically successful despite incomplete operation; in two who died opera¬ 
tion had been technically successful. Forty-one, or 16.5 per cent, developed 
pure tuberculous empyema. 

Jacobaeus had technical success in 80.7 per cent of 150 patients and early 
clinical success in 66 per cent. He reported eleven, or 7.4 per cent, of empyema 
deaths among his, Gravens’ and Holmboe’s 148 pneumonolysis cases. 

In 1934 Moore 7 reported 75.5 per cent clinical success in 1,850 collected 
cases. The incidence of tuberculous empyema in 2,043 collected cases was onh 
2.2 per cent and that of mixed infection empyema 1.8 per cent. 

Drash 13 in 1938, using the Davidson-Cutler thoracoscope, reported the oc 
currenee of only 2.6 per cent tuberculous empyemas and no mixed empyemas m 
his series of 251 pneuiuonolyses. 

Goorwitcli 14 in 1944 reported a collected series including his own patients 
and comprising 5,114 patients. The incidence of pure tuberculous empyema 
ranged from 0 to 10 per cent (in one instance 24 per cent) ; that of pjogenic 
empyema from 0 to 6 per cent and mixed tuberculous empyema 0 to 5 pei cent 
The incidence of clinical success ranged from 44 per cent to 96 per cent ant 
averaged 73 per cent. 

Edwards, Penman, and Logan 15 in 1944 report that 133, or 66.4 pei cent 
of 200 patients with unilateral pneumothoraces with pneuinonolys’.s siU’viye- 
five years and that seventy-one (86.5 per cent) of those with satisfactory collapse 
obtained at operation survived five years and fifty-six were well and woikin.- 
after six years. Tuberculous empyema was observed nine times and nux 
empyema nine times but it accounted for only 18. per cent of the de 

H. A. Jones 1 " in 1945 in a review.of 509 consecutive cLsed 
pneumonolyses over a seven-year period reports an incidence of only 1-5 P e 
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cent pure tuberculous empyemas, 0.4 per cent staphylococcus einpyewus aud 0.6 
per cent mixed infection empyemas. 

CLINICAL MATERIAL 

During the period from 11)40 to 1046 inclusive, 1,000 consecutive closed 
intrapleural pnuumoiiolyses were performed upon 920 patients at the Herman 
Kiefer Hospital, Detroit, and the William II. .Maybury Sanatorium, Xorthville 
.Mich. 

The distribution as to sex shows practically equal numbers in the white 
group and a slight preponderance of female patients among the Negro group. 
The rutio between the number of white and Negro patients is approximately 
five white to one Negro patient. The over all fatality rate is 18 per cent. The 
fatality rate for the Negro group is 20.4 per ceut and the white 16.3 per cent. 
In seventy-seven bilateral pueuiuonolyses there were sixteen deaths, or a 
fatality rate of 20.8 per cent. 

The discussion of indications for pneumothorax does not full within the 
scope of this paper. The indications for its use have been dealt with at length 
by Rafferty. 11 In thus series there are no patients who were classified as having 
minimal disease, since it is our policy to treat such lesions with bed rest usually 
supplemented by phrenic nerve crushing. Also in many moderately advanced 
lesions which are nonenvernous or in which cavities are small and thin-wnlled, 
we prefer an initial trial of u similar program. Consequently all pationtR have 
at least moderately advanced and the great majority have far advanced disease. 


TABLE I, CtOHKI) iNTHATLErRAI, PXKrMO.VOL.VKIS; ANALYSIS UK 1,(HH) OPERATIONS EMPLOYED 

ix the Treatment ok 923 Patients (1940-1940) 


PACE AXD HEX | 

NO J’ATIEXTH 

DEATHS 

1 FATALITY 

PATE (%) 

White 




Male 

380 

(HI 


Female 

379 

59 

1021 

Negro 




Mole 

(13 

19 


Female 

90 

oo 

2(3.3 

Total 

923 

100 

1S.0 


BILATERAL 

r.VEVMONOLYRIS 


White 

OS 

14 


Negro 

9 



Total 

77 

10 

20.8 


Since the immediate success of a pneumothorax would seem to be relate l 
niost closely to the diseased lung which it collapses, wo have found it eon 
venient to classify the disease by extent, presence of cavity, and type of infiltra¬ 
tion existing in the lung, and for the most part have ignored the standard 
classification of pulmonary tuberculosis. 

TYPE OP DISEASE 

The type of disease for which pneumothorax was initiated is shown in 
Table If. The presence of thirty-seven lungs with pneumonic disease is ac- 
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Table II. Type and Extent of Disease for Which Pneumothorax was 
Instituted— 1,000 Lungs 


pneumothorax 

NO. 


Type 



Exudative 

418 

41.8 

Mixed 

250 

25.0 ’ 

Productive 

295 

29.5 

Pneumonic 

37 

3.7 

Total 

1,000 

100.0 

Extent 



% of lung 

144 

14.4 

*4 of lung 

411 

41.1 

Over % of lung 

445 

44.5. 

Total 

1,000 

100.0 

Cavity 



None 

142 

14.2 

Under 2 cm. 

390 

39.6 

2 to 4 cm. 

340 

34.0 

Over 4 cm. 

122 

12.2 

Total 




counted for on the basis of urgency dictated by pulmonary hemorrhage or pro¬ 
gressive disease. The indication for pneumothorax in this type of disease is 
admittedly very limited. 

With regard to extent of disease it should be noted that one-half of the 
lung or over is involved in 86.6 per cent. 

Cavities were present in 85.8 per cent of the lungs that were collapsed. Of 
these, 12.2 per cent were over 4 cm. in' diameter, 34 per cent 2 cm. to 4 cm., 
29.6 per cent under 2 cm. 

In addition, there was contralateral disease in 80.6 per cent. Of the contra¬ 
lateral lungs there were 36.9 per cent with infiltration but no cavity, 19.6 per 
cent with cavity, 16.3 per cent with contralateral pneumothorax, and 0.6 pei 
cent with thoracoplasty at the time of pneumonolysis. 

POSTOPERATIVE COMPLICATIONS 

The exercise of reasonable care at the time of operation should avert most 
of the dramatic complications which may occasionally occur. Experience alone 
is the best safeguard against too vigorous or too cowardly use of the cautery. 


Table III. pleural Complications, Immediate postoperative period 


^ual riju; a i lUN e> 

None 

-NU. 

595 

JT XUAk LJJH -- 

59.5 

Fluid, serous 

Minimal, not aspirated 

276 

27.6 

Large amount, aspirated 
Fluid, hemorrhagic 

Empyema 

Tuberculous 

65 

6.5 

46 

4.6 

5 

0.5 

Mixed 

4 

0.4 

Traumatic pneumothorax 

8 

0.8 

Loss of space 

Total 


100.0 _ a- 
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Careful closure of the wound and prompt adjustment of intrapleural pressures 
while the patieut is still on the table should obviate troublesome subcutaneous 
emphysema, reduce cough and dyspnea to a minimum, and make effusion less 
likely. 

The most common complication was simple fluid which developed in 27G 
instances or 27.6 per cent. This fluid was a trace in the eostophrenie angle and 
in no instance rose as high as the dome of the diuphrugm. In sixty-five in¬ 
stances there was sufficient fluid to warrant aspiration at least once and in some 
aspiration needed to be repeated often and continued intermittently until the 
lung was re-expnuded. There were forty-six, or 4.6 per cent, of the operations 
which were followed by hemorrhagic fluid. In three instances the bloody fluid 
was so great in amount that transfusion was thought necessary. In one of these 
the chest was opened but bleeding was very minimal. A fourth patient, the 
second on whom thoracotomy was performed, perhaps unnecessarily, showed no 
active bleeding point, hi both instances of bleeding where thoracotomy was 
done the fault was discovered to be in a change which the manufacturer had 
made in the cautery tip without our knowledge. All other hemorrhagic fluid 
wns inconsequential. 

Tuberculous empyema developed in five instances, or 0.5 per ceut, and, in 
addition, in four others,' or 0.4 per cent, there was tuberculous empyema with 
secondary organisms. Traumatic pneumothorax occurred eight times, or in 
0.8 per cent. Two of these were fatal and will be described in more detail luter. 
One space was lost The immediate complications were all those which occurred 
auy time within two months of the operation. 


Tadcb IV. r.rracT or Operative SrccEBs Upon Pnecjkjtiioiiax 



PNEUMO- 


1 





THORAX 

PNEUilO- | 

LATER ABONDONED 




IM ME- 

THORAX 

PLEURAL 

OTHER 

effectual 



D LATELY - 

CONTIS'I'ED 

com pLica- 

COMPLICA* ; 

PNEUMO- 


OPERATION 

ABANDONED 

TO DEATH | 

TIONR 

TIONfl i 

THORAX 

TOTAL 

Tliorncoxopy onlv 

33 

4 

m 

7 

25 

70 

f'artlnl jmeumonolyala 

21 

20 

83 

87 

212 

423 

Complete pneumonolyula 

11 

31 

71 

70 

315 

498 

Total 

03 

35 

104 

104* 

552t 

1,000 


1. Ineffectual Pneumothorax—LJito. 
r* Neclcct by Patient. 

ProRroMlon of Di»aifle FJwiwhere. 

■*. Inadequate Respiratory Reserve. 
t!20 Expanded—Therapeutical I y Sufficient. 


Of the 1,000 lungs subjected to surgery, there were thirty-four two-stage 
operations and one three-stage procedure. The multiple procedures are con¬ 
sidered as one operation in this analysis. As is shown in Table IV there were 
seventy-nine instances, or 7.9 per cent, where only thoracoscopy wns performed. 
In this group the usual cause for failure was extensive adhesions. Seventy-one 
°f the pleural spaces displayed adhesions which were extensively confluent or 
W which definite pleural symphysis was evident. In five other instances the 
pleural surfaces were inflamed and edematous, tubercles were noted, or the 
Pationl was too dyspneie to tolerate the pracedure. 
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Partial pneumonolysis was performed in 423 or 42.3 per cent. Operations 
designated in this manner indicate that all adhesions were cut except those in 
which a small area of symphysis coexisted. Most often these areas of symphysis 
were located posteriorly in the costovertebral gutter or in the cupola or medias¬ 
tinum. When adhesions were confluent with the mediastinal structures except 
for a lateral free border, the latter were usually cut to within 2. ciu. of the. 
danger area. Is case cf doubt, when the vessels could not be well visualized, \vj 
cautiously abstained from severing adhesions in this area. In 309 instances 
the adhesions were extensive confluent hands, sometimes with only one free 
edge. Thirty-five showed at least a partial symphysis. In fifty-nine instances 
the adhesions were multiple discrete and in twenty instances minimal. In these, 
latter two groups the accidental location of short adhesions in the region cf the 
vessels was the only reason why only part of the adhesions could be cut. 

Complete pneumonolysis, meaning the severance of all adhesions to the dis¬ 
eased lobe or lobes, was accomplished in 49.8 per cent of the cases. There were 
no eases of actual symphysis although eightv-five instances of extensive confluent 
adhesions were noted. The remainder were multiple discrete in 225 instances 
and minimal or solitary in 188 cases. 

There were sixty-five pneumothoraces abandoned immediately after opera¬ 
tion. Thirty-three of these followed thoracoscopy only, and twenty-one, or ap¬ 
proximately one-third, followed partial pneumonolysis. Of the remaining eleven 
where pneumonolysis was complete, dyspnea, inflammation of the pleura, and 
tension cavity were responsible for the decision to expand the lung. One space 
was accidentally lost. 

Effectual pneumothorax was the ultimate result in only twenty-five, or 31.u 
per cent, where thoracoscopy only was done; in 212, or 50.1 per cent, of the 
partial pneumonolvses; and in 315, or 63.2 per cent, in those with compete 
pneumonolysis. 

The reasons for abandonment of pneumothorax immediately following pneu 
monolvsis were primarily related to ineffectiveness of collapse rather than to 
new pleura] complications. Significant pleural complications were present m 
only ten of sixty-five cases. One xvas lost through disruption of the wound; "° 
by traumatic pneumothorax; one from tuberculous empyema; one from hemor 
rhage and five from the development of large amounts of serous fluid. 

To explain the reasons for failure this point has been studied in ielatio 
to type of disease extent of disease, and cavity size. 


Table Y. Fate of Pneumotiikax after Pneumonolysis __ 

TYPE OF DISEASE 

PNEUMOTHORAX IMMEDIATELY 

ABANDONED 

maintained to death- 

|NO. 1 PER cent 

no. 1 


Exudative 

30 

7.2 

22 

Mixed 

17 

g;s 

13 

Productive 

15 

5.1 

18 

Pneumonic 

3 

S.2 . 

2 

. Total 

65 

6.5 

55 


5.2 

6.1 

54 
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Table V indicates that the more aetive acute forms of disease are likely 
to lead to expansion early. The pneumonic group is so small as to be insiguifi- 
cant statistically. 


Tadle VI. Fats* of I’s'rrnnrinin.w Aftes PxKrMoxor.YSis 


EXTEXT 

[pneumothorax iumkriately 

I ABANDONED 

MAINTAINED TO DEATH 

1 XO. 1 

PER CENT | 

[ NO. 

| PER PENT 

of lumj 

4 


1) 

0.0 

Vi of luutf 

2S 

O.H 

IS 

4.1 

Over Vi of Iunj; 

53 

7 A 

:ir 

s.» 

Total 

1(3 

(1,3 

35 

3.5 


Considered from the angle of extent of disease, as in Table VI, we find, 
as would be expected, that early abandonment shows a more or lexs direct rela¬ 
tion to this factor. The more extensive the disease the greater is the proportion 
of cases given up. In fact, the proportion of enses with involvement of over 
one-Tialf n huig is more than two to one as compared to those who bad lesions 
of one-third of the lung. 

The most striking re'ationship is shown in Table VII where the existence 
of large cavity leads to failure approximately twice as frequently as in any 
other cavity group. Furthermore, it should be mentioned that the existence of 
cavity of any size doubles the chance of failure. 


Tama: VII. Path of Pxeihotiioiux After I’nfa-uonolysih 


' 



— 

[ PNEUMOTHORAX IMMEDIATELY 

i 







ABANDONED 

MAINTAINED TO DEATH 


CAVITY 



NO. 

| FEIt CCNT 

| XO. 

| MR CENT 


None 



4 

2.8 

5 

3.5 


Under 

2 CUE 


24 

(1.1 

20 

5.1 


2 to 4 

cm. 


•»;> 

O.S 

10 

4.7 


Over 4 

rm. 


14 

11.5 

14 

1135 

._ 

Total 



05 

<U3 

55 

5.5 


One of the most confusing issues in the reporting of the complications of 
pneumonolysis is that centered around the problem of empyema, udmittedly the 
moat serious of pleural complications. The definitions of tuberculous empyema 
rango from the lilierul one of Woodruff, 1 * who includes all turbid Huids in the 
presence of pulmonary tuberculosis uud any fluid containing tubercle bacilli 
on direct smear, and that of Eglee and Wylie. 10 who include only thick puru¬ 
lent fluid for which treatment is necessary. An even more strict conception 
is that suggested by DeCecio and Potter, 30 who include not only the presence of 
frnnk pus but also a clinical picture of rapid formation of exudate accom¬ 
panied by prolonged fever and constitutional decline as the ehronicity of tbe 
enipyema is established. We have chosen an intermediate position and are in 
essential agreement with Goorwitch, 1,1 who interprets purulent fluid as an opaque 
fluid which is to be distinguished from serous fluid, described as clear, cloudy, 
turbid, translucent, ’or opalescent. Our definition of tuberculous empyema 
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has been, liberalized to include turbid or cloudy fluid -which has required several 
aspirations and has persisted over a period of several weeks whether or not 
accompanied by fever or other constitutional symptoms. All such fluids were 
included which appeared at any time during the entire duration of the pneu¬ 
mothorax. 

The coexistence of bronchopleural fistula with mixed empyema was proved 
to be present in the majority of instances and was assumed to be present in the 
remaining ones. Since obviously it also occurred in the traumatic pneumotho- 
raees and was perhaps, at one time or another, present in some of the tuberculous 
empyemas, its total incidence is not clear and it does not appear alone in the 
statistics. 

Persistent fluid is defined simply as serous fluid which occurred late in 
the course of pneumothorax following pneumonolysis which was consistently 
noted on fluoroscopic or roentgenographic examination or was aspirated on 
several occasions. It was most often unattended by constitutional symptoms. 
Frequently it was too small ,in amount to require aspiration. 

It will be noted by referring to Table VIII that in 683, or 68.3 per cent, 
of pneumonolyses there were no late pleural complications. The inclusion of 
sixty-five immediately abandoned pneumothoraces and five immediate deaths in 
this figure is self-explanatory". 

Traumatic pneumothorax occurred in five, or 0.5 per cent, and was re¬ 
sponsible for death in tw T o instances. Obliterative pleuritis 'with late loss of 
space resulted in sixty-three, or 6.3 per cent. 

The incidence of tuberculous empyema occurring late is 3.5 per cent; that 
of mixed infection empyema is 1.5 per cent. The over-all incidence of empyema 
is 5.3 per cent since six instances of late empyema are also recorded as having 
their inception in the early postoperative period. 

RELATION OF EARLY TO I-ATE COMPLICATIONS 

The late complications listed in Table VIII obviously bear some relation 
ship to those complications which occurred in the two-month postoperative 
period. For example, when late persistent fluid is considered we find that a- 
per cent of those who had a large amount of fluid early show late persis en 
fluid; 26.4 per cent of those with a trace of fluid early had late persistent flui > 
23.9 per cent of those with hemorrhagic fluid early 7 had late persistent fion > 


Table VIII. Late Pi.elt.al Complications 


COMPLICATION" 

| NO. 

j PEE CENT ___ 

-- 

None 

GS3* 

GS.3 


Persistent fluid 

199 

. 19.9 


Empyema 




Tuberculous 

35 

3.5 


Mixed 

15 

1.5 


Traumatic pneumotlirax 

5 

0.5 


Obliterative pleuritis 

G3 

6.3 _____ 

-~~ 

Total 

1,000 

. 100.0 

— 


•Including five Immediate operative deaths and sixty-flve Immediately abandoned. 
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mill ouly lti.8 per rent of those with no fluid curly develop persistent luto iluid. 
Empyenta, either tuberculous or mixed, persists in GC.G per cent of those in 
which it was present in the early period. It develops in 18.5 per cent of the 
spaces whero large amounts of fluid were present early; in 6.2 per cent of those 
with a trace of fluid, and in only 2.4 per cont of those with either no fluid or 
hemorrhagic fluid early. Late obliterative pleuritis is most marked in the early 
empyema group, being 11.1 per cent, and, in the patients with large effusions, 
10.8 per cent. If hemorrhagic fluid, traco of fluid, or no fluid is present, then 
the rate of obliterative pleuritis is from 5.4 per cent to 5.9 per cent. 

CAUSES OP DEATH 

Of the five immediate deaths, one occurred the day of operation. This man 
had a contralateral pneumothorax in which there developed a tension pneumo¬ 
thorax. Furthermore ho was a poorly controlled diabetic. The operation was 
on a minimal type of adhesion. A second death attributed to traumatic pneumo¬ 
thorax occurred on the fourteenth day in n Negro woman who had extensive 
bilateral disease. The three other deaths all occurred in individuals who had 
extensive bilateral acute disease. These individuals were febrile and had evi¬ 
dence of remote extension such us laryngitis and enteritis. 

. Table IX. Pneumonolysis—1,000 Operations on 923 Patients 


CACHES OP DEATH _ *0- 


Immediate deaths 

Traumatic pneumothorax (contralateral lung) (21 bra) 1 

Traumatic pneumothorax (fourteenth day) 1 

Extension of tuberculosis (within 2 months) 3 

Total 8 

Lata deaths 

Traumatic pneumothorax 3 

Empyenm—tuberculous 21 7 

Mixed 8f 

Extra pulmonary tuberculosis 8 

Pulmonary hemorrhage A 

Extension of pulmonnry tuberoulosis 129 

Following thoracoplasty 4 

Chronic cor pulnionalo 3 

Nontubercuioua _ 3_ _ 

Total _ Id 

Total deaths_100 


The deaths occurring late could bo attributed directly to empyema in seven 
instances, and to traumatic pneumothorax in three others. These deaths we 
feel bear close relation to the unwise use of pneumothorax aud pneumouolysis. 
Of the remainder, extension of pulmonnry disease is by far Ibe most important 
cause of death. 

PNUEAIOTHOKAX LATER ABANDONED 

. Of 164 who lost their pneumotboraces late because of pleural complications, 
3b, or 18.3 per cent, have since died. 

Of the 164 patients who lost their pneumotboraces through their own neg¬ 
lect or because of inadequate respiratory reserve or extension of disease else- 
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Table X. Pneumothorax Later Abandoned 


TYPE OF DISEASE 

PLEURAL 

complications 

OTHER 

COMPLICATIONS 

no. 

I % TOTAL 

NO. 

1 % TOTAL 

Exudative 

74 

17.7 

69 

1G.5 

ilixed 

33 

13.2 

39 

15.6 

Productive 

45 

15.2 

51 

17.3 

Pneumonic 

12 

32.4 

5 

13.5 

Total 

104 

16.4 

164 

16.4 


where or who were re-expanded late because of inadequate collapse, seventy-five, 
or 45.7 per cent, are now dead. Forty-one of the re-expanded group, either early 
or late, were subjected to thoracoplasty, thirty-seven primarily for the uncon¬ 
trolled pulmonary lesion and four for obliteration of the empyema space. 


Table XI. Effectual Pneumothorax 


type of disease 

| STILL 

MAINTAINED 

REEXPANDED 

1 no. 

j PER cent 

| NO. 

] per cent 

Exudative 

177 

42.3 

46 

11.0 

Mixed 

120 

48.0 

2S 

11.2 

Productive 

126 

42.7 

40 

13.6 

Pneumonic 

9 

24.3 

6 

16.2 

Total 

432 

43.2 

120 

12.0 


One hundred twenty pneumothoraces have been re-expanded as thera¬ 
peutically sufficient. Two in this group are now dead and four are still iu the 
hospital. There are 432 patients with effectual pneumothorax of whom seventy 
are in the hospital because of the recency of institution of their treatment. 


Table XIL Present Status of 923 Patients Six months to Seven Years 

After Pneumonolysis < 


1 

TYPE OF DISEASE | 

| LTVINO 

AT HOME 

1 IX 

HOSPITAL | 


DEAD 

; UNKNOWN 

NO. 

| PER CENT 

j NO. 

| PER CENT | 

NO. 

| PER CENT 

NO- 

I PER CENT, 

Exudative 

203 

52.2 

71 

is .- 5 

77 

19.8 

38 

9.S 

Mixed 

121 

52.2 

46 

19.S 

42 

18.1 

23 

9.9 

Productive 

1(54 

01.9 

•» •> 
L»P 

12.4 

41 

15.5 

27 

10.2 

Pneumonic 

23 

62.2 

o 

8.1 

6 

10.2 

5 

. 13.5 

Total 

511 

55.4 

153 

16.6 

166 

1S.0 

93 

10.0 


Of 923 patients recent data are available on 830. In 483 the disease is ar 
rested and in 181 it is still active. Five-sixths of the active cases are sti 1U 
the hospital and though in many the disease is under' control, it cannot be con 
sidered arrested. 


Table XIII. Present Status of Tuberculosis in 923 Patients Six Months to 


Seven' 


Years After Pneomonolysis 


type of disease 



arrested 

! per cent 


no. 


Exudative 

198 

50.9 

76 

Mixed 

114 

49.1 

53 

Productive 

149 

56.2 

4S 

Pneumonic 

22 

59.5 

4 


Total 483 52.3 - 181 
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DISCUSSION 

Ideally, all pneuinotlioruees for which the original indications are sound 
should be converted to pneuiuothoraces entirely free from restraining ndhesious 
if such a course is consistent with safety. Since for obvious reasons this is 
impossible of attainment, the choice between continuation of an ineffective 
pneumothorax and immediate abandonment in favor of some other measure 
often must he made. This decision will hinge muinly upon the appraisal of the 
pneumothorax as regards the possibility of severing adhesions. It is well 
known that the roentgenogram can be misleading and that thoracoscopic ox- 
umiuntion may be the only means of settling the issue. It is possible, however, 
to screen out certain eases from the roentgenographie survey alone. In this 
category' can be placed pneumothoraces with widely adherent portions of the 
lung where separation is obviously impossible. Even in situations where ad¬ 
vanced disease in the contralateral lung make impossible the use of thoracoplasty 
as an alternate procedure, the hazards are so great as to contraindicate 
pneiuuouolysis and in many instunees even the introduction of the thoracoscope. 

When there is reasonable doubt as to whether or not the ndhesious are suit¬ 
able for severing with the cautery, thoracoscopy should be done. If on inspec¬ 
tion of the pleural cavity the adhesions are found to be simple bands, cords, 
or more complex arrangements of adhesions which present completely free bor¬ 
ders on all sides and which do not attach dangerously near to important vascular 
structures, the indication is clear. If. on the other hand, inspection reveals a 
complox arrangement of adhesions which present only one or more free edges 
and then become continent with the pariefes, especially in the cupola or medias¬ 
tinum, in such a fashion ns to render complete severance unfeasible if not im¬ 
possible, it is thought to bo unwise to attempt cauterization of those portions 
available for section. In the range between two extremes of minimal or solitary 
adhesions and the situation related above, so much depends on the experience 
of the operator in determining the suitability' of adhesions for section that abso¬ 
lute contraindications cannot be laid down. In general, however, it can be said 
that greater conservatism has run parallel with wider experience. 

Obviously', however the suitability for operation cannot he decided solely 
upon the availability of adhesions for sectioning. Such fnetois ns type of dis¬ 
ease, extent of disease, cavity size and position arc of paramount importance. 
Except, for pneumonic disease in which perhaps the wisdom of the use of 
pneumothorax is open to question, and in certain extensive exudative lesions in 
which there is not actual lobar consolidation, there is no definite evidence to 
show any considerable difference in response following operation. It seems log¬ 
ical to conclude that following the initial phase of the disease when a higher 
incidence of pleural complications is to he anticipated from exudative and 
pnemuonio disease there is a rapid conversion to a productive type of disease in 
which greater uniformity' of response may be anticipated ns regards pleural com¬ 
plications and eventual behavior of the lesion itself. 

It is now well recognized and further confirmation is offered by the results 
of this study that a high incidence of pleural complications is to bo anticipated 
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in lesions with large cavities or multiple cavities of aggregate diameter exceed¬ 
ing 4 cm. The large cavity often fails to close even with free pneumothorax 
because of poor bronchial communication. Often even if such a lesion is ap¬ 
parently controlled, parenchymal damage is so extensive as to indicate perma¬ 
nent collapse or at least to make expansion hazardous, if possible. For these 
reasons it is questionable if pneumonolysis is ever justifiable in lesions with 
large cavity or cavities. When such cavities are definitely peripheral in posi¬ 
tion and are supported by dense adhesions it is considered an absolute contra¬ 
indication to pneumonolysis. 

CONTRAINDICATIONS 

■ Briefly summarizing the foregoing discussion and adding certain generally 
accepted contraindications, the following are suggested as instances in which 
pneumonolysis should not be done. 

1. In the presence of tuberculous empyema. 

2. In the presence of acute febrile pleurisy with effusion. 

3. When extensive progressive parenchymal disease is present. 

4. When dense adhesions are present over large, peripherally placed 
cavities. 

5. When pleural symphysis or extensive confluent adhesions make tech¬ 
nical success veiy unlikely. (We do not believe that so-called enu¬ 
cleation of broadly' adherent portions of lung by extrapleural dis¬ 
section is a justifiable procedure;) 

The following contraindications we believe to be relative because of the 
availability of thoracoplasty or other surgical measures as alternative pro¬ 
cedures : 

6. Unilateral apical fibrocavernous disease with extensive but apparent¬ 
ly severable adhesions. 

7. Wherever extensive parenchymal damage indicates the need for per¬ 

manent collapse. 

TECHNIQUE 

The single cannula O’Brien Model (modification of original Cutler thorac 
oscope) with McCarthy foroblique telescope is used. The cannula is large 
enough to accommodate the telescope with a detachable cutting electrode, 
the site of entrance is correct, it is nearly always possible to sever all the adhe 
sions at one operation. High frequency spark gap current which can he 
switched from scalpel to cautery readily if bleeding occurs is always used. The 
tip of the cautery is in sight at all times except when it may be passed bey one 
an adhesion. The light is far enough removed from the lens to allow easy trans 
illumination of adhesions. A side view or right angle telescope is avada e 
but rarely used. 

Entrance into the chest is made by an incision parallel to the rib in nha 
ever interspace is suitable (usually the third or fourth interspace in » lld 
lary line). The incision is usually 3 to 5 cm. in length and is carried thioit^ 
skin and subcutaneous tissues to the extraeostal muscles. These muscles 
the interoostals ai-e split by' blunt dissection and with the aid of small retrac o 
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the pleura is exposed. The pleura is punetured with the tip o£ u Hue forceps 
which is held open until the cannula can be inserted through the opening. When 
the eudopleural procedure is completed and the eannulu removed, the inter¬ 
costal muscles are carefully closed with a single figure-of-eight suture of No. 0 
catgut or silk. The intrapleural pressures are always readjusted to the usual 
pressure by the removal of whatever amount of air is necessary to accomplish 
this. The usual case requires the removal of about 500 c.c. to 800 e.e. A small 
bandage is applied to the wound but no pressure binder is necessary. The 
patient is tluoroscoped daily. An effort is made to prevent the putieut from 
lying on the side of operation for u week to avoid the possible fonnafion of 
new adhesions. 

The advantages seen for this instrument are as follows: 

1. The case of handling this simple compact unit makes a very tedious 
operation less fatiguing to the surgeon and consequently less hazardous to the 
patient 

2. The combining of the cutting electrode and telescope into oue unit makes 
for greater accuracy of manipulation. 

3. The high frequency eleetrosurgieal unit of the spark gap type (Bovie 
electrosurgical unit) provides a very satisfactory cutting current allowing an 
adequate admixture of coagulating effect to the cutting blades, thus providing 
good hemostasis and still permitting ready and concise severance of adhesions. 
Postopel-ativo edema and excessive eschar or coagulum on the cut stumps are 
minimal and, wo believe, less, than that scou when the galvanoeontery is used. 

A special ball typo of electrode provides coagulation which is effective in 
controlling nil but the serious hemorrhage whirh may occur as a result of acci¬ 
dental wounding of large vessels. 

CONCLUSIONS 

• Pneumonolysis when employed by experienced uperutors in accordance with 
generally accepted indications may be performed without appreciable hazard 
to the patient and with the expectation thut serious complications will be mini¬ 
mal. Its use iu pncuniothoraees which have been initiated to control small le¬ 
sions and in which a few readily accessible adhesions are present should be at¬ 
tended by no serious complications. As the complexity of the adhesions increase, 
paralleling for the most part the increase in extent of the lesion, serious pleural 
complications must lie anticipated with increasing frequency. The increase in 
incidence of complications to be anticipated under such conditions is the direct 
result of the necessity for prolonged tedious cauterization of difficult complex 
adhesion patterns. It is quite likely tlmt the transection of small tuberculous 
foci or prolongations of lung into adhesions or within the adhesion itself is re¬ 
sponsible for many pleural infections of tuberculous origin. Til the more com¬ 
plex situations careful assessment must be made us regards the suitubility of the 
lesion for other surgical procedures especially thoracoplasty. The latter is al¬ 
ways preferable in unilateral disease when there is reason to expect persistent 
fluid and eventual empyemu as a result of an extensive procedure. If, because 
of uncontrolled contralateral disease, unfavorable location of the lesion, or poor 
general condition, thoracoplasty is not feasible, extensive pneumonolyHis may 
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offer tlie only eliance of recovery and may be justified even in the face of almost 
certain empyema. It is in this group of patients that the incidence of serious 
complications is likely to be high. Consequently a careful appraisal must he 
made in order to avoid performing needless operations which may result iu in¬ 
creased morbidity and perhaps even in fatality which may be far out of propor¬ 
tion to the occasional therapeutic success. Indeed in many of these patients it 
is far better to abandon the pneumothorax and to allow them to live longer and 
without the discomfort and threat to life attendant upon pleural infection. 

SUMMARY 

1. Of 1,000 lungs treated with artificial pneumothorax in 923 patients for 
which pneumonolysis was attempted, the operation was complete in 49.8 per 
cent; partial in 42.3 per cent; and a failure in 19 per cent. 

2. Pleural complications occurred more often and were more serious if par¬ 
tial pneumonolysis was done, less so if it were complete, and least in thora¬ 
coscopy. 

3. Early postoperative complications were most frequent in face of exten¬ 
sive disease and least in minimal involvement. Early complications were most 
frequent if cavity was present and increased markedly with increase in cavity 
size. Also the more acute forms of pneumonic and exudative tuberculosis were 
associated with the highest proportion of complications. 

4. Abandonment of pneumothorax in the early postoperative period was 
most frequently dictated by the condition of the collapse (success of pneu¬ 
monolysis) and by the extent and character of the underlying disease. 

5. Late complications tend to follow early ones, i.e., those with no complica¬ 
tions develop proportionately the least in the late period. As each group of 
immediate complications increases in severity it tends to be followed propoi- 
tionately by more frequent and severe late complications. 

6. Late complications outnumber those in the early group and are propor¬ 
tionately more severe. These lead in one way or another to premature loss of 
pneumothorax in 32.8 per cent of the total. 

7. Successful late pneumothorax is maintained in 432, or 43.2 per cent, o 
the group, and 120 additional, or 12.0 per cent, have been successful aud !11 ‘~ 
now re-expanded. 

8. Five deaths occurred in the immediate postoperative period—two from 
the operation and three from extensive active tuberculosis. 

9. One hundred sixty-one patients died later. At least ten of these deat s 
are thought to be due to complications more or less directly attributable to 
operation. 

10. Contraindications to pneumonolysis are discussed. 

11. The technique of the single cannula method is described. 
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DISCUSSION 

DR. EDWARD 8. WELLES, Saranac Lnko, N. Y—I am a little confused by the 
statistics, especially on the perccntago of deaths. 

I am not accustomed to associating dcuth with pnoumonolysis, and tun afraid that this 
paper, if tbc figures are looked at lightly, is going to give the oporation a black eye, not 
through tho operations or tho technique of the Detroit group, but through the analyses of 
their statistics, which I think are completely wrong. 

On the first slide them was a 20 per cent death rate following pnoumonolysis. A total 
°f 101 died, so tho mortality of pneumonolysis is 16 per cent. 

That is ridiculous. I do not doubt that these people died, but they did not die from 
pneumonolysis, and there are several other factors that enter into tlds death rate. Undoubt¬ 
edly a good many of theso patients wero dreadfully sick when pneumothorax was started, 
and might have died oven if they had not had pnenmothorax. Possibly some of them who 
are described ns having oxudntivo acute disease might much bettor lmvo been left alono 
until thoy quieted down, and probably a good many of them might better have been given 
primary thoracoplasty and not pneumothorax at all. It was not the pneumonolysis that 
killed them. 

Maybe the five immediate operative deaths come in there, and maybe some of the later 
ones could be attributed to the operation, but I cannot believe such figures. An explanation 
°oght to be made in the paper itself 'when it is published, because I have been doing pneu- 
raonolysls for 21. years, and am nfraid that people reading this paper, who are not here to 
hear this discussion will get tho wrong impression. I would hate to have them fright- 
p ned away from as liarmless an operation as pneumonolysis by thinking of a 16 or 20 per 
font death rate following the operation. 

One other little point: one of tlie contraindications to the operation, I think this is 
straight, but I am not sure, is peripherally placed cavities. That I do not understand, cither, 
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because in a great many of the pneumothorax cases which require, pneumonolysis there arc 
peripheral cavities. As soon as the bands are cut and the cavities are released, they are 
closed, and I do not understand this as a contraindication.. 

DR. JULIAN A. MOORE, Asheville, N. 0.—I agree with Ur. Welles. I thought that 
mortality rate of 1(5 per cent was tremendous. If I felt that my mortality were going to be 
16 per cent with this operation, I would have abandoned it long' ago. 

It seems to me unfair to the procedure to give the late mortality rate of tuberculosis 
and not of the operation. The actual mortality from the operation, both directly and in¬ 
directly, was fifteen patients out of 1,000, which is 1.5 per cent. This corresponds closely 
with what has been reported in the literature before. 

Now the operation was designed for one purpose, and that was to convert an unsatis¬ 
factory' pneumothorax into a satisfactory pneumothorax, and if you succeed in doing that, as 
far as the technical procedure is concerned, the operation is successful. The results and the 
complications from then on are those of pneumothorax, and I do not think that the opera¬ 
tion, per se, greatly increases tho complications of pneumothorax without pneumonolysis. 
This certainly has not been my experience. 

I am not prepared to give any' figures on pneumothorax, but all of you know that 
pneumothorax has certain complications inherent in the procedure itself. They are both 
immediate and late. There are also many failures of pneumothorax to close a cavity when 
there are apparently no adhesions whatsoever. 

The question of the technique of this operation depends upon the .individual preference 
of the operator. 

, I remember very' distinctly that thirteen years ago Dr. O’Brien said it was a terrible 
operation, and until he designed his own instrument which was satisfactory to him, it was 
awful. I happened to be one of those who designed an instrument that is satisfactory to me, 
and I do not believe Dr. O’Brien is as ambidextrous as be looks to be when he does a 
thoracoplasty. 

DR. LOUIS R. DAVIDSON, New York, N. Y.—I do not intend to repeat what both 
Dr. Welles and Dr. Moore have already stated to you. Dr. Day’s presentation was well 
catalogued but his interpretntion, perlmps, has been incorrect. There are just a few points I 
should like to make. 

Eighteen years ago I happily devised the first commercially produced single cannukr 
thoracoscope and, in my state of ignorance, was quite pleased with it. At that time Dr. o n 
Alexander said to me, and I disagreed with him, “You are merely looking about and have a 
prehensile hand at your forehead.” In that I described this instrument and its virtues, 
owe it to the profession, now that I have abandoned the instrument, to tell them so an 
the reasons why I have gone over to tho double cannular technique. 

I believe one of the reasons why Dr. O ’Brien and his group do not disinsert adhesions, 
thereby limiting the opportunity of many patients, is that they' still use a single cannn^ar 
instrument. All of these single technique devices limit the field of vision. In addition, 
manipulation of the instrument in the field of the attacliment of the adhesion'is narrow 
Endothoracie disinsertion cannot be performed. In tills connection I recommend the I ,fl I wr 
of Dr. August Maurer which appeared about fourteen years ago in Brauer’s Beitrage. 

In general, an x-ray does not tell you which patients can, and which cannot be ope 
upon. Only when one looks into the pleural space, and then sometimes with difficulty, wl 
he tell which adhesions can be severed or disinserted. p r 

The A.CALI, is coming out with a new, improved instrument which, is devised ^ 
Irving Saroti It has a magnificent field of vision and is of the.double cannular typ e - 
basically the original Jacobeus instrument with modifications permitting easier mampu 
and surer surgery. 

I firmly feel there is only one type of instrument to be used in the Jaeobeus 
notwithstanding the fact that eighteen years ago I very specifically advocated ^ ormW ] t 
cannular instrument. Only with the double instrument enn disinsections be safely pc 



DAY ET At*.: CLOSED INTRAPLEURAL PNKUMONOLYSIS 


553 


Iri addition, the held of Arision is moro oxtonaivy. Finally, I should like to say tliat Avith u 
doable cannular instrument tho complications are fewer find that is because the pathology is 
more exactly and distinctly visualized. 

DR, E. J. O’BRIEN, Detroit, Mich.—Dr. Day, I Hunk, expressed very dearly at the 
itart of his paper that ho thought it was wrong to evaluate the earlier and not tho end results 
following lyai*. Wo wanted to know what happened to these pntionts. There wore n thou¬ 
sand of them done during tho period from 1D40 to 1017 nnd n largo number before, but Are 
Atanted to know the eventual outcomo of the treatment with our present technique. 

Naturally this operation is in combination with pneumothorax and every time I think 
of pneumothorax I think of a Boston bull I used to lmve. Ho was a wonderful dog when ho 
started out, but ho started to develop messy habits, and got so bad wo had to shoot him. 
That is about tho way with pneumothorax, unwisely started and continued after complications 
arise. If pnoumothorax alone becomes unduly mossy it follows that this procedure with 
uilded lysis can bo expected to come to tho sumo bad ending if curried on blindly. 

We wnuted to know whether we hud lx*on right in doing those pnoumonolyscs or 
whether avo should have done moro and more thoracoplasties; I think the statistics given in 
this paper will warrant tho conclusion that we should have. Wo nro now doing many moro 
thoracoplasties and quite frequently do n primary one without attempting pneumothorax 
at alL 

Dr. Day nlso showed that our Iwid results weie in dlr«n*t proportion to the extent of 
the disease. That is why avo hesitate to cut extensive adhesions, ovorextensivo disease, but 
would prefer to give up the pneumothorax and do a thoracoplasty. 

Drs. Davidson and Moore have uppniently missed n good bit of tho paper. Wo do not 
admit a high mortality from the procedure itself, but have shown what happened to those 
patient* later on. Tho paper made that quite clear. You do a pncumonolysis on a patient 
because you want him to got well not just to survive the operation. Wc lmvo told you how 
many became avoII and how many lmd trouble, nnd what tho trouble was. I think oar inter¬ 
pretation of empyema atob a very broad one—anything from a littlo cloudy fluid, upward. 
Those papers tlmt present lower figures on this complication are often open to question, be- 
enueo it is tho individual’s own interpretation of empyemn. 

I do not know just how Dre. Davidson and Mooro lmvo come to tho conclusion that 
their instrument 1* better than mine, or mine is Inferior to theirs. They have not seen rnlno. 
Now the scopo that Davidson ia talking nlmut—I tried that too—tlmt is why I wroto tho 
article on open pneumonolyais years ago. I could not sec anything through it. You can 
with our scope, and you can cut nnv adhesion tlmt can bo cut with any other instrument 
Why you should u*e tho cliopatick method of Jncobneus or its modifications, I would not 
know. 


DR. J. CLAUDE DAY, Detroit, Midi.—Perlwpa the figure xhowiug- the fatality rate iH 
somewhat misleading. It docs not mean operative mortality. It refers simply to tho per¬ 
centage of the entire group of patients ayIio died from any cause at some time during a 
period of observation of from six montlis to seven years. The operative fatality is clearly 
indicated. 

Wo have not discussed the indicutious for pneumothorax though avo ure Avell nwure of 
their close relationship to the indications for pneumonolysis- Tho latter are predicated on 
nn original round indication for pneumothorax • 

It is not-onr Intention to indicate that pneumothorax was used as measure of choice 
in acute exudative and pneumonic types of disease. We are in agreement with tho majority 
of opinions tlmt pneumothorax Is contruindicuted in such lesions except for thy occasional 
mstoncew in which it used to control pulmonary bleeding. 

As regunls the type of Instrument, avo prefer the single portal of entry with thy com¬ 
bined cautery and telescope 3n one unit. It is quite likely tlmt with experienced operators 
the result* will be much the same regardless of thy type of thoracoscope used. Wo do feel, 
however, that tho original Davidson-Cutlor thorucoscopo is wholly inadequate to tho tusk and 
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indeed is dangerous because of the extremely limited field of vision afforded. We used H 
before Dr, O’Brien’s modification was available and were never satisfied with it. 

My experience with the double portal type of instrument of the Coryllos type while in 
the Navy, though not large, was sufficient to convince me of the superiority of our type of 
thoracoscope. 

Several instances could be cited of men who Were trained to use the Jacobneus method 
and who since have had the opportunity to use ours. They have indicated a preference for 
the latter. 

Though we are not in a position to prove it statistically, it is our feeling that the 
electrosurgical method has many advantages over the gulvanocautery and should 1 m used 
even though a separate trocar wound is used for its introduction into the che3t. 

We feel definitely that in large peripherally placed cavities suspended by dense adhe¬ 
sions, pneumonolysis is contraindicated. The occurrence of large bronchopleural commu¬ 
nications as a result of necrosis of cavity walls with the development of rapidly fatal severe 
pleural infections is familiar to all. Such a disastrous sequence occurring soon after opera¬ 
tion readily establishes the causal relationship of the latter. However, the establishment of 
late fistulous communications at a more remote period following operation does not indicate 
that the pneunionolysis can be exonerated completely as a causal factor. In view of the 
high incidence of pleural complications to be anticipated in these lesions and of the diffi¬ 
culties often encountered in effecting closure, if pneumonolysis does provide a free space, we 
have felt that the indications for pneumothorax and pneumonolysis should be appreciably 
restricted. 





PRELIMINARY ANTERIOR CHONDROCOSTECTOMY COMBINED 
WITH CLOSED CAVITY DRAINAGE AND 
POSTERIOR THORACOPLASTY 

Edward S. Wkli.es, M.D., Saranac Lake, N. Y., and 
Josefu Gordon, M.D., Ray Brook, N. Y. 

T HE problem being considered ls collapse of large or so-called giant 
tuberculous pulmonary euvities. Among thoracic surgeons it is accepted 
tliut thoracoplasty is still the most satisfactory method of treating advanced 
tuberculosis. During the past several years a largo amount of work has been 
done on lung resection. For a while it seemed that lomoval of a diseased lobe, 
or the whole lung, might bo a better way of treating the disease and that re¬ 
section might supplant thoracoplasty as the operation of choice. As more reports 
have come in, giving the immediate and especially the late results of this 
treatment, early enthusiasm has changed. The majority of the members of the 
American Association for Thorncic Surgery seem to be in agreement that 
resection should bo reserved for certain types of cases or used when thoracoplasty 
has failed. In the usual case for surgicul collapse with one or more modornte- 
aired cavities, thoracoplasty results in their closure and sputum conversion 
in a high per cent. However, in the past many years, it has been found that in 
these giant cavities, though greatly reduced in size by thoracoplasty, a small 
triangular or slitlike remainder persisted when the operation was finally 
completed. Despito this, the patient was very apt to muko a satisfactory recovery 
and become clinically well except for the fact that lie still raised a certain 
amount of positivo sputum. 

In 1927 ouo of us (E. S. W.)' described an accessory anterolateral 
operation dope through an axillary incision. After failing to close large 
cavities . completely with the standard posterior thoracoplnsty, removal of 
remaining anterior segments of ribs and ports of costal cartilages, sometimes 
succeeded in closing these cavities. As time went on, it was found that this 
accessory operation usually further reduced cavity size but did not close it, 
and therefore failed to convert the sputum. Revision operations in our 
hands have been found difficult and dimgerons, and also failed to close remain¬ 
ing cavities in a large percentage of eases. Serious thought has been given 
over the last several years to this problem of the uucollapsible cavity which 
was described somewhat pessimistically by one of us (E. S. W.)* in 1936. 

After variable experience with Monaldi cavity drainage, which in the 
majority of cases did not work alone, it seemed that if it could be combined 
with thoracoplasty, the desired result might be obtained. Here, however, a 
technical difficulty aroso. If the Monaldi tube were inserted anteriorly into 
the cavity through the first or second interspace, the tube might bo encountered 

„ Read at the' Twenty-Seventh Annual Meeting of The American A**oclatlon for Thoracic 
WHWry. at. RouJ* Mo., Mny 28, 29, and 10. 1947. 


555 



556 


THK JOURNAL OF THORACIC: RURGKRY 


during posterior or anterior thoracoplasty and serious wound infection would 
result. A plan was therefore devised to precede cavity drainage by a 
preliminary anterior stage in which the cartilages of the first three ribs were 
removed along with bony portions to about the midaxilla. The Moualdi tube 
could then be put hr and the. posterior thoracoplasty done without coming 
in contact with the tube. 


With this plan in mind, operations on the first few eases of giant cavity 
were started. The technique of anterior thoracoplasty is not new, it was 
described by Wangensteen 3 and was also illustrated in Alexander’s book (1937).* 
Following the anterior stage a distinct diminution in the size of the cavity 
was seen. As this plan was tentative and experimental, it was decided to go 
ahead with the first posterior stage before putting in the tube. There followed 
such marked collapse of the cavity that it was decided to postpone drainage 
once more and do the second posterior stage. In the first six eases done by this 
method complete closure of cavity resulted, and it was felt that the answer had 
been obtained. Disappointment followed, however, and the next case that was 
done resulted in the old type of failure. A long, cigar-shaped cavity was left 
which continued to produce a large amount of sputum. It was decided to 
put a Monaldi catheter into this remaining cavity and apply suction. 
Unfoi'tunately, it was found that this could not be done. Two attempts were 
made to introduce the catheter but the cavity was so narrowed and lying so 
close to the aorta that both attempts had to be abandoned. Since that 
time a number of eases have been done by following the original plan. The 
drainage tube has been inserted about ten days to two weeks following the 
anterior stage. Suction has been started and two weeks or so later the posterior 
stage has been done and others followed in regular order, as needed. Thus 
far, all of these patients have obtained cavity closure. In some the tubes 
have already been removed, the sinus tracts have healed, and the cavities 
thus far have remained closed. Others are still on suction. It is hard to 


decide just how 7 long the tube should be left in. Probably when the drainage 
becomes very scant, the bronchial fistula closed, and no evidence of cavity 
can be seen in x-ray examination, the tube should be removed. It would be 
preferable if all of these patients could be treated without Monaldi drainage- 
introduction of the tube, if done when the cavity is still large, is usually simp e 
and easy. The aftercare of the tube and the suction apparatus is a con 
siderable nuisance to the patient and the nursing staff. We can see no way o 
predicting which cases will close without Monaldi drainage and which wi 
fail. If one guesses wrong and wmits until failure has occurred to put m 1 


tube as a last resort, it may be impossible to do so. 

Several incisions and approaches have been previously described f Q1 
the* 1 anterior thoracoplasty and were given in detail by Alexander. 4 K 
believed that the incision employed here gives maximum exposure foi 
removal of the first three cartilages to the sternum. A curved incision is 
extending from the sternal end of the first rib, across the second. cart' M.- 
along the second interspace, and upward to the axillary fold (Fig- 1> 
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The pectoral is major muscle Is split in the direction of its fibers, aiid the 
peetoralis minor muscle retracted laterally (Fig. 1, B). Resection is begun 
with the second cartilage. Because of its intimate attachment and thickness, 
the perichondrium is best “peeled” from the cartilage rather',than scraped 
off. The perichondrium is incised in the axis of the rib, care being taken not 
to cut too deeply as the cartilage will chip and make removal of the 


Case A. 


3. 



Case B. 


Case C. 

Preopera live P 03 ^ 1 ? 3 ? 1 ™ vit/to 


loperacive " v i t y In 

c^Vsf™ 3h0W ‘ nK 

discharged. 


. Fig:. 2.—Case A, Treated without cavity drainage. (I) 

showing giant cavity in left lung. (>) Preoporatlve left lateral _ 

left lung. (3) Following anterior thoracoplasty some decrease in cavity 

completed thoracoplasty; patient asymptomatic and sputum negative; =— , on ing 

Case B, Treated without cavity drainage. (I) Preoperative posteroanterlorfilm ete) , ; 
giant cavity and extensive uisease m rigiu lung, (i) postoperative him, surgery 
patient clinically well and sputum negative; discharged. 

Case C, Treated without cavity di 
giant cavity and completely useless left 
ically well, sputum negative; discharged. 


sgatlve; discharged. . g v, ow lng 

drainage. (Jt) Preoperative posteroanterlor turn c iin- 
>ft lung. (3) Postoperative film, surgery complete 
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perichondrium difficult. Near each eud of tho curtilage a transverse incision 
is made to facilitate lifting the perichondrium with a hluut-ended elevator 
(Fig. 1, 0). After the cartilage has been freed of perichondrium the remaining 
bony segment-to tho inidiLxilln is sora]>od free of periosteum (Fig. 1, D) and 
the rih sectioned in the usual manner. Segments of the first and third ribs 
are then removed in that order. It is only occasionally possible to remove 
Case D. C.itsO E. 

1. 2. i. 



/. 2. J- l- 

Cum.* F. 

, y lg. 3.—Case D. Tiuili.il without drulnune. (1) l’lvtipcnitlvf Him showing luiuo cavity, 
ami disease through right upper lobe. (i) JVjstopei-atlvu Him, nursery completed, patient 
clinically well, nputum negative. 

Cano K, Treated without dmlnnge which litu) uttempled after failure of cavity closure. 
(/) Preoperutlvo film showing giant cavity und extenalvo disease In left lung. (J) Postopera¬ 
tive nim showing residual cavity silt ndjncent to uorto. 

, Case F, Treated with drainage after anterior and first posterior stogies, (i) Fosteroan- 
terior film showing giant cavity. (J) Posteroanterlor film following unterlor and first posterior 
•tage, cavity little changed (J) Film following Introduction of dralnuge tube and cavity 
msrkedly reduced, (i) Film ufter Hurgerw comploted, tube removed, sinus honied; putlcnt 
well, sputum negative, and working part time as nurse. 













Fig. 4.—Case G, Treated with drainage. (i) Posteroanierlor film showing gla ip _ 
and extensive disease in left lung. <‘J ) Postoperative film, surgery completed: H,shadow 
tomatlc, no sputum raised; postoperative convalescence being completed (note snum 
is not cavity). post . 

Case H, Treated with drainage. ( 1 ) Preoperative Aim showing giant cavity 'v, nica ]iy 
operative film, surgery completed, catheter removed, sinus tract healed; patient 
well and completing postsurgical convalescence. . useless 

Case I, Treated with drainage, (i) Preoperative film showing slap* cayltj, (t „ 

lung, and evidence of previous operation by regenerated ribs; ilaxlmum oreaun ,“.„ b u s hed. 
43 liters. (2) Film aiter anterior stage (first two ribs) and cavity drainage conl . 

(3) Film after first posterior stage (first two ribs), catheter nonopaque. (4) pi, 1 ," negative: 
pleted surgery, catheter removed, sinus healed, patient clinically well, sputum 
completing convalescence. 


* 









On aft h" , On M3 L* 

W|T. C— LUi*a J. Treated without dmlnugu. U) LWnrounlurlur; lilin Mhuwmtf giant euv- 
JV>^ ^ C^T Postoperative film burgery compioted, pat lout ellnicall> well ; dlacharged and work- 

..... ,9*** K Treated with dminuge. (/) Pre-operative flj»n showing giant cavity and exlen- 
*,”« dtaeaae through left lung: patient ucutely HI. (Si Film following anterior fllnge. cavity 
urainagu and ono poaterlor alage; cavity reduced to wilt, patient markedly Improved; surgery 
10 be completed. 


» completed. 

Case L, Treated with drainug 


i of . ,««• U Treated with drainage. (/) Preoperative Him, allowing giant cavity u«ele** 
!{“*. lun 8'; patient acutely and seriously III. (i) Film following nnterior stugc and cavity 
drainage, marked reduction in *Ixe and great symptomatic Jmpiovement 
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The posterior- stage is greatly facilitated, and after stripping the remain¬ 
ing posterior segment of rib of its periosteum and sectioning it from behind, 
the anterior end is freed by simply lifting it out. Frequently, a segment of 
the fourth rib is removed at the first posterior operation. Extrafascial 
or extrapleural apicolysis is not employed, but the first and second intercostal 
muscle bundles are routinely severed posteriorly and allowed to drop down 
over the collapsing lung. The anterior chest wall has, in each instance, 
developed sufficient stiffness postoperatively so as not to be a problem in 
paradoxical movement. 

The patients all had far-advanced disease according to the National 
Tuberculosis Association classification. The distribution was most often bilateral 
and it was perferred to have the contralateral disease in the quiescent or stable 
phase. All had positive sputum and many raised copious amounts of thick,' 
punilent secretions. A number had bronchial disease, as noted by bronchoscopy. 
Though studies of respiratory reserve were not often made on these ill 
patients, it was estimated clinically that adequate functional pulmonary reserve 
was present considering the extent of lung to be collapsed. The anterior 
operation was well tolerated because of minimum blood loss, absence of any 
shock, and minimum of tissue trauma. For this reason the older aged 
group (sixth decade and over) was similarly treated without cavity drainage. 

Some very sick patients for whom in the past thoracoplasty was considered 
too hazardous have been operated upon by this plan. With the establishment 
of cavity drainage and all of the previously reported advantages of the 
Monaldi operation (diminished expectoration, reduction of fever, general 
symptomatic improvement), it has been possible to carry these patients through 
their thoracoplasty operation. In dealing with such a poor type of case, 
a certain mortality must be expected. However, in reviewing the few patients 
who have died, it would seem that in each instance we were overenthusiastic 
in accepting them for surgery. A statistical analysis is not* given at this 
time because (1) the series is too small for significance and (2) the follow, 
up period is too short. It must be stated, however, that the results thus fao 
obtained warrant the further use of this plan. It was originally plannet 
to give a brief summary of a number of typical cases at this point, but >0 
illustrations speak for themselves and the clinical histories are omitted. 
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DISCUSSION 

Dr. W. A: Hudson, Detroit, Mich.—In 1931, I presented before this gi 0 |T 
what I termed an anterior stage thoracoplasty, to be done as a primary P roce 
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in tho management o£ giant cavities, giving -what I thought, at the time, wore 
acceptable reasons for doing tho anterior stage. 

We demonstrated the extent or length of tho rib that can bo removed 
and the marked collapse of these giant cavities that can be obtained by the 
resection of a limited number of ribs, anteriorly. It is possible, at un anterior 
operation, to removo the complete length of the first, and second rib, disartic¬ 
ulating them at the corresponding transverso vertebral processes. 

Since 1931, we have made the anterior stage the first operation to be 
dono hi-a majority of the thoracoplasties, which we have done. We have 
found that the collnpso is much mote satisfactory, and we are permitted to 
limit tho thoracoplasty to a fewer number of ribs when we undertake to do 
the posterior resection. 

Now, in the eases that Ur. Welles has presented, I am impressed by two 
points: (1) Some of tho ginnt cavities that he is dealing with are, I am con¬ 
vinced, tension cavities, and if the tension could be relieved, the magnitude of 
the cavity would, of course, lie reduced. (2) A decision should be made ns 
to whether or not one can anticipate a satisfactory closure of the cavity by 
the thoracoplasty without further intervention, or whether it will he necessary 
to introduce a tubo in order eventually to obliterate the cavity. In those 
cases in which it is thought that it might be possible to close tho cavities 
and convert the sputum by the thoracoplasty, 1 would perfer that the first stage 
anterior thoracoplasty ho followed by the routine posterior resections, but in 
thoso eases in which suction drainage is contemplated, I would profer to 
introduce suction, following later with a cavernostomy. 

Dr. Welles has told us that lie has not removed the tubes in all of 
these cavities. He says that lie thinks eventually he can remove the 
tubes, and hopes that they will be all right. 

At one of the meetings, soon after suction drainage was first introduced 
in this country, it was brought out that the cavity would, in a great percentage 
of cases, become reinfected because of contamination through the open bronchus, 
and open up again. In mast such cases, in my own bonds, they have required 
secondary operations at some later date because of reinfection of the residual 
cavity. I think tho giant cavities that have been treated by suction should 
bo cleaned up by a cavernostomy, something of the type that was presented 
at this meeting last year. 

Tho incision that Dr. Welles has exhibited is a little different from the 
incision I have used. The line of the incision that I use extends from a 
uoint just medial to tho head of the humerus and downward and mediulward 
to the junction of tho second eostul cartilage with sternum. This affords 
amplo exposure for a generous resection of the ribs. 

Dr. W. L. Rogers, San Francisco, Calif.—I bolieve this subject is important 
to all of us dealing with tuberculosis. 

Dr. Welles has combined tho two principles of decompression with 
external drainage and extensive apical collapse. 
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in view of the fact that in this particular group of eases under discussion 
the amount of caseation and fibrosis of the lung jiarenehyma is usually minimal, 
and bronchial disease may be playing an important role in maintaining the 
large cavity, we have of recent date used streptomycin preoperatively and 
postoperatively in conjunction with collapse therapy. Our results to date have 
been encouraging, and we hope this combination may obviate at least to some 
extent the necessity of cavity decompression and drainage either initially 
or later. 

We all appreciate, I am sure, before evaluating surgical procedures for 
tuberculosis, especially in tlic presence of tension cavities, that considerable 
time must elapse before final evaluation may be made. 

I would like to ask Dr. Welles if they supplemented streptomycin therapy 
in this group under discussion either svstemieally or locally into , the cavities 
after drainage had been established. 

Dr. Warrixer Woodruff, Saranac Lake, N. Y.—I should like to substan¬ 
tiate what Dr. Welles has said. However, this is not an entirely new procedure. 

Three years ago, before the meeting in Chicago, Dr. Head presented a 
paper on intracavitary (Monaldi) suction, and he gave as one of his indications, 
the reduction in size of extremely large excavations as a preliminary to 
thoracoplasty. It is this group that Dr. Welles has discussed today. 

At that time we reported six instances of Monaldi followed by thoracoplasty. 
Since that time, Kelley, Merkel, and I have had an additional twelve. We 
have several others where Monaldi suction has been done and we hope to 
follow with thoracoplasty. 

There is one point that Dr. Welles has made in the abstract and 
again this morning—which I think is most important to get closure of the 
cavities, namely, do not wait until after the anterior ribs have regenerated 
before starting a posterior stage. Unfortunately", we have done that in 
several instances. Many" of the candidates for Monaldi suction are so 
that thoracoplasty- seems inadvisable. ' Sometimes it is only after months o 
drainage that they- are in condition for thoracoplasty and by then rib re 
generation has occurred. This has been a cause of failure to close cavities 
with us, so I urge that the posterior stage be done as quickly as possi e 
following the insertion of the catheter. 

The other point which I think is very important, as Dr. Welles '”' oU ^ 
out, is the extent of ribs which it is necessary to take anteriorly, 
longer the anterior length, the better the original collapse, and the ess 
likelihood of breaking into the sinus tract at the posterior stage. . W e aV 
had one instance where, at the posterior stage, we opened into the sinus r 
with the catheter in place. We closed the wound and left the catheter n 
place, and no infection developed. We and the patient were very fortuna e 

In some instances where the anterior section was not long enough. 
have even left a small section of the rib anteriorly, just to avoid biea 
into that sinus tract. 
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Dr. Edward S. Wki.i.ks, Saranac laikc, N. Y .—I should liko to say to Hr. 
Hudson. tlmt our experience with eavernostoniy luis not boon very pleasant, amt 
wo liko to do anything to avoid it. 

Ho mild that sotmi of the tubes are not yet out, and asked if the cavities 
remain dosed, when they do come out. 1 do not know, except that hi all 
the ones tlmt wo have finished to date, from which we have taken the tubes, 
the envities have remained closed, and the sinuses lmvc healed. 

1 think with the combined thoracoplasty, on top of the tube, when we. 
take it out, the cavity will close and not reopen the way the old Monnidi 
type did, which did not have a thoracoplasty. 

Streptomycin hus been used for some of these patients preceding and along 
with the operation, and some of them are taking it right now. We have not 
instilled streptomycin into the cavities. On the contrary, we have taken it 
out. That is wo have taken cavity drainage in a bottle to the laboratory 
and had it tested, and found plenty of streptomycin in it. So as long as it is 
coining into tlm cavity from the inside, we have not put any in from the 
outside. 


Erratum 

Tn the article by Hommor, Jr., slat O’Brien entitled "War Wound* of flip Eroplmgus” 
In thn June, ItltR. inane of the .loimNAI.. Figs. I In 4 rhnuld lie aligned In Case 2 rather tlinn to 
Oowi 1. ■ 
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T 


helil in 


HE twenty-eighth meeting of the American Association for Ihorncie Surge } 

Quebec, Canada, at the Chateau Fronteuac, on May 31, June 1 and 2, 1918. ^ ^ wert 

The amendments to the Constitution, which were rend at the meeting i 
acted upon and passed. They were as follows: 

Article IV, Section 1. There shall be four classes of mcmLcrs—Act i y e^ 
date, Senior, and Honorary. Admission to membership m the Ass Q n iv 

by election. There shall be no numerical limits on any class of niem,elective 
Active and Senior members shall have the privilege of voting or ° 

Article IV, Section 2. Election to all classes of membership ^„ n( ]/or 

subject only to the provisions of Section 3, which deals with resign 
expulsion for cause. ^ 

The Association voted to uccept the proposals of the American Board of . fl fj,e 

establishment of a subsidiary Board of Thoracic Surgery. The principles 
establishment of the Board of Thoracic Surgery, ns reported by Dr. Carl SS® accepted by 
of the Committee which negotiated with the American Board of Surgery, were 
the Association. Boar( ] 0 f 

The establishment of a Founders’ Group will be at the discretion o ^ Q 0 ni- 

Thoracic Surgery. Dr. William M. Tuttle, Detroit, Mich., is secretary of this - 
plete membership of the Board and other details will lie announced later. 
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Tho following recommendations of tho Membership Committee wore accepted by the 
Association: 

' Honorary membership wns conferred upon Dr. Wolfgang Denk, Vienna, Austria. 

The following active members were retired, at their own request, to Bcnior membership: 

Dr. L. Wallace Frank, Louisville, Ky. 

Dr. Gabriel Tucker, Philadelphia, Pa. 

The following Associate members were elected to Active membership: 

Dr. Herbert Willy Moyer, New York, N. Y. 

Dr. Carl G. Merkel, Saranac. Like, X. Y. 

Dr, Alexander E. W. Ada, New York, X. Y. 

Dr. Robert G. Bloch, Chicago, 311. 

Dr. John It. Paine, Minneapolis, Minn. 

Dr, Rom Robertson, Vancouver, B. C. 

Dr. Daniel A. Mulvihill, Xew York, X. Y. 

Dr. RoUin A. Daniel, Jr., Xnshvillc, Tenn. 

Dr. Earl B. Kay, Cleveland, Ohio 
Dr. Edward M. Kent, Pittsburgh, Pa. 

Dr. Laurence J. Miscall, Xew York, X. Y. 

Dr. Lawrence M. Shcfte, Son Antonio, Texas 
Dr. Edward .T. McGrath, Cincinnati, Ohio 


Tho following candidate* were elected to Associate membership: 

Dr. David Bancroft Altchlson, Mount Sanatorium, Hamilton, Ontario, Caaudn. 

Dr. 0*rar Auerbach, 121 Hamden Ave., Statca Island, N. Y. 

Dr. Edward Benson Benedict, Massachusetts (lenonil Hospital, Boston, Musa. 

Dr. Georgo Valter Brindley, .Tr., Scott and White Clinic, Tcmplo, Terns 
Dr. Bobert K. Brown, 300 Mctropolituu Building, Denver, Colo. 

Dr. Amhroto Sevier Churchill, 1130 West BiathSL, Los Angeles IJ.Cnhf. 

Dr. Walter B. Crnndell, Veterans Admiuistmtion Hospital, Wbjto Bncr Juuojon, t. 
Dr. Forest Dowoy Dodrill, Oil David Wliltnoy Building, Detroit, Mich. 

Dr. William H. Fnlor, 023 Second Nutlonal Building, Akron 8, Ohio 

Dr. Alfred HurwiU, Veterans Administration Hospital, Newington 11, Conn. 

Dr. Vincent Michael Iovine, 2300 Quo Street, N.W., Washington, D. C. 

Dr. Elgio K. Johnson, )1 Hnnsun Place, Brooklyn, N. Y. 

Dr. Butledgo Starr Lnmpson, 170 AUeyn St., Hartford, Conn 

Dr. Boy George Klepser, 1150 Connecticut Ave., N.W., M nshington, D. C. 

Dr. James Monroe Mason, HI, 1023 South 20th St., Birmingham 5, AJn. 

Dr. Elmer Paul Kotwrt Mnurer, 827 Union Central Building, CinclnmiU ., Ohio 
Dr. Nell MacDonald, Medical Arts Building, Windsor, Onturio, Cuiuu u 
Dr. John B. McDonald, Mayo Clinic, Bocbester, Minn. 

Dr. James Francis O'Neill, 32 Boslyn Ave., Glenslde, Pa. 

Dr. Edward F. Parker, 70 Hascll St., Charleston, S. C. 

Dr. John Lawrenco Pool, 140 East 54th St., Ndw York, N. Y. 

Dr. Willis J. Potts, 707 Fullerton Avo., Chicago 14, HI 

Dt. Lawrence Arthur Pratt, 10 Witherell St., Detroit 20, Mich. 

Dr. Bidrnrd Allen Bastuussen, Blodgett Medical Building, Grand Bapid. 0, Mach. 

Dr. George Parrott Bosemond, 3401 N. Broad SL, Pldlnddphm 40I, Pa. 

Dr. J. Gordon ScarmeU, Massachusetts Gcnorul Hospital, Boston, Mass. 

Dr. Paul W. Schafer, University of Kansas Medical Center, Emmas City, Kan. 

Dr. Howard Errol Snyder, 103% East Ninth Ave., Winfield, Kan. 

Dr. William Carleton Whiteside, 342 Bixks Building, Edmonton, rUbertu, Canada 
Dr. Julius Lane Wilson, Oclnmcr Oliaic, 3503 Prytania St., Now Orleans 15, La. 
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NOTICE 

The twenty-ninth, annual meeting of the American Association for Thoracic Surgery will 
be held on March 29, 30, and 31, 1949, in New Orleans, La. Headquarters will-be at the 
Roosevelt Hotel. 

Requests for hotel reservations should be mailed direct to l)r. Alton Oetisner, 1431 ) 'fulane 
Avenue, New Orleans 13, La. 

Abstracts for presentation of papers for the 1949 meeting must be received for eim- 
sideration by the Program Committee, • on or before Jan. 1, 1949. These abstracts should be 
submitted in quadruplicate and addressed to the Secretary of the Association, Dr. Brian Blades, 
George Washington University Hospital, 901 23rd St., N.W;, Washington 7, D. C. They 
should not be sent to the Editor. The early date of the 1949 meeting makes it absolutely 
necessary that these abstracts be received before the deadline date. Abstracts received after 
Jan. 1, 1949, will not be considered. 

Manuscripts for competition in the Rose Lampert Graff Prize should he seat directly 
to the Secretary of the Association not later than Jan. 1, 1949. 


REPORT OP TI1E COMMITTEE ON BOARD OP THORACIC SURGERY 

T HE question of certification of thoracic surgeons was first discussed by the American 
Association for Thoracic Surgery in April, 1925, when it received an invitation to send 
representatives to a meeting of the National Board of Medical Examiners, to he held iu. 
Washington, D. C., May (i. 1925. Two delegates were appointed “to consider in a pre¬ 
liminary way tire question of certification as to the qualifications to practice the several 
specialties in medicine and surgery.’’ No definite action resulted from this meeting.- 

The question came up again in 193(1, when the American Association for Thoracic 
Surgery appointed a special committee to make a study of the training of thoracic surgeons, 
as well us certification by a National Board. At the 1937 meeting of the Association the 
report of the Committee was accepted,'-' and the Association went on record with the following 
resolution: 


BE IT RESOLVED - that the Americun Association for Thoracic Surgery 
recognize the American Board of Surgery as the parent organization which should 
properly be in control of all matters pertaining to the training and certification 
of surgeons and surgical specialists. 

BE IT FURTHER RESOLVED that the American Association for Thoracic 
Surgery signify to the Americun Board of Surgery- its willingness to cooperate 
with it, if and when the special certification of thoracic surgeons seems advisable. 


it was the hope of the Committee that such a relationship between the American Board 
of Surgery and a future Board of Thoracic Surgery might serve as a guide for the relations 
between the American Board of surgery and other surgical specialty boards. 

As the result of the rapid growth and importance of thoracic surgery as a specialty 
during the succeeding years, fostered partly by the war and the attitude of the medico 
departments of the armed forces and the Veterans Bureau, there developed a demand for a 


specialty board in thoracic surgery. 

The Association took cognizance of tins desire of a large part of its membership a 
in 1945 the president re-appointed the original committee and instructed them to ma o “ 
study-. At the 194(i meeting, held iu Detroit, the committee made its report, lids res 
in the adoption of a resolution recommending the formation of a Board of Thoracic Surgery- 
The Association re-affirmed its previous attitude that the Board of. Thor.u-ic .Surgery 
subsidiary to the American Board of Surgery. 

Thereupon the president appointed a small comuiitleo consisting of thirl 
chairman; Alton Ochsuer, aud Jerome R. Head to confer with a similar committee npp 01 ■ 
by- the American Board of Surgery, as follows: Nathan Womack, chairman; Isaac 


THB JOUHNAX, OF Thokauic Suhokhy 7: 347, 1033. 
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Bigger, aud Edward D. Churcliill. All important questions dealing with tho organization of 
a Board of Thoracic Burgery worn discussed by thobo committees in joint session and in¬ 
corporated in a report recommending tho foiniatiou of such a board. 

Tlio necessary fonnnlitiu witli tho Advisory Board for Medical Spccialtiew wore com¬ 
plied with. Tbo Advisory Board approved tho petition of tbo American Association for 
Thoracic Surgery and recommended that tho American Board of Surgery tako tho necessary 
steps to arrange for tho certification of thoracic surgeons. 

Tho Committee of tho American Board, of Surgery iuformed the Committee of the 
American Association for Thoracic Surgery, of their attitude and made some suggestions 
about organizing tho board. This wns made a part of tho complete roport of the Committee 
of tho American Association for Thoracic Surgery. 

At the meeting of' tho Association for Thoracic Surgery in St. Louis, May 20, 1047, 
the report was submitted and adopted unanimously, together with somo resolutions imple¬ 
menting the roport. Tho president was authorized to continue negotiations with the Ameri¬ 
can Board of Surgery for tho organization of a Board of Thoracic Surgery* 

For tliis purposo tho president appointed the present committee. 

Tho committee 1ms hold two meetings. It has studied the numerous questions involved 
in tho organization of a now board, its relationship to the American Board of Sorgery, 
educational considerations, training requirements, and opportunities for training. It has 
triod to clarify various questions and on tho basis of this study has drawn up tho following 
report, which, if acceptable to tho Association, may sorvo ns a guide for tho future Board 
of Thoracic Snrgory. 

Tbo first question to answer was—Wlmt is nuant by a surgical specialty board being 
zubsldiary to tho American Board of Surgery? Since tho establishment of a board of Thoracic 
Surgery may infiuenco tho croation of other subsidiary boards thoro should bo a clear under¬ 
standing of tho relationship of subsidiary boards in general, and of tho Board of Thoracic 
Surgery in particular, to tho American Board of Surgery. 

Iu asking to become a subsidiary board of tho American Board of Surgery, tho Board 
of Thoracic Surgory undertakes to abido by tho rules and regulations, and accepts the 
constitution and bylaws of tho American Board of Surgery. No separato articles of incor¬ 
poration and/or bylaws aro thcroforo required. 

Tho committee submits its opinion tlmt aurgical specialties as well as subspecialties 
should bo developed on a broad education basis, and it therefore believes that candidates for 
examination In a surgical specialty, and in thoracic burgery in particular, must have had 
general surgical training and hnvo been certified by the American Board of Burgery. 

The committee recognizes tho fact that tho training of specialists, os advocated by most 
of the National Boards, is not tho only way specialists may be developed. In many instances 
the requirements appear to bo too rigid and hare been drawn to favor men with a definite ‘ 
program early in their career. It is recognixod that there ore many men entering a surgical 
residency who do not know at tho time whether they have apodal liking or aptitude for a 
•urgieal snbapecinlty. Opportunity may play an important role. 

Relatively fow of the present leading mombors of national surgical societies have followed 
0 prescribed rigid course of training. There are many different factors entering into the 
development of a specialist. It la frequently not until after a surgeon has been practicing 
for awhile, that ho becomes interested In a apodal subject, or acquires apodal skill ami 
P« r haps has opportunity to develop along special lines. With our present system such a 
^geoa is excluded from certification by a specialty board. 

The important points to rememhor are tlmt a surgical residency is basic aurgical train- 
hg, which is required of every surgeon who desires certification. Preparation for the prac¬ 
tice of a surgical subspecialty, on the other hand, is supplementary to this basic training. 

Baring his residency the candidate should be tnught surgical principles; he should rotato 
trough the different surgical specialty departments; ho should learn surgical technique and 
kter be allowed to operate Independently. In addition he should study the pathologic material 
of W« own cases as well as the basic sciences relating to his subject* 

T17 I* 8 ** wticle on Basia Science Instructions in Hospital Residencies. J. A. M. A. JUi 687. 
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institutions training programs were contemplated in the near future. Critical evaluation of 
these available data indicated adequate residency training in thoracic surgery in at least' 
thirty-five hospitals. Some of these hospitals can accommodate several residents. 

A current questionnaire suggests a substantial .increase in the number of available 
satisfactory residencies in thoracic surgery. • 

It appears that in the future there will be sufficient opportunity for training to allow 
qualification for the Board of Thoracic Surgery. 

7. Founders Group. — : To be composed of surgeons who have made meritorious contribu¬ 
tions to thoracic surgery, as follows: 

(a) Active and senior members of the American Association for 
Thoracic Surgery, who have been certified by the American Board 
of- Surgery, will automatically be founder members. 

(b) Other surgical members of the American Association for Thoracic 
Surgery will have their records reviewed by the Board, and may ho 
recommended for founder membership with or without application. 

(c) Other surgeons, certified by the American Board of Surgery, who 
upon application, and after Teview of their qualifications, are found to 
meet the requirements of the Thoracic Board. 

The Pounders Group will be kept open for two years after organization of the Board 

8 . Group to be Certified by Examination. —Only candidates who have been certified by 
the American Board of Surgery are eligible for examination. 

The Board of Thoracic Surgery will review the candidate's training or'accomplishments 
in thoracic surgery. If acceptable, he will be notified , to appear for examination. 

9. Examinations. —The Board of Thoracic Surgery will be governed by the rules laid 
down by the American Board of Surgery' pertaining to examinations as well as re-examina¬ 
tions. 

Buies may be changed, however, at the discretion of the Board of Thoracic Surgery. 

10. Fees. —It is suggested that the fees for candidates to bo certified in thoracic surgery 
be as follows: 

Founders Group: For those who will be admitted to this group, a certificate will 
be issued. The fee will be $25. . . 

Group to be Certified by Examination: For the special examination in thoracic 
surgery and the issuing of a certificate, the fee will be $50. The examine 
tion is to be completed in one day. The fee for re-examination will be S 1 - 8 - 

11. Certificates.—Certificates to the Founders Group are to be issued according to the 
suggestions mentioned previously, as follows: 

(a) To active and senior members of tbe American Association for Thoracic Surgery, 
who have been certified by the American Board of Surgery, without examination. 

(b) To those surgical members of the American Association for Thoracic Surgery, " 10 

are found to be eligible. Application may or may not bo required. 1 

(c) To other surgeons certified by tbe American Board of Surgery, upon application an 
recommendation of tbe Board of Thoracic Surgery. 

Certificates to those admitted by examination are to be issued after the candidates nee 
the requirements and successfully pass the examinations. 

Respectfully submitted by 
Carl Eggers, chairman 
Brian Blades 
Ethan Flagg Butler 
Daniel C. Elkin 
Cameron Haight 
Herbert C■ Haier 

, - • Richard H. Meade, Jr. ■ 
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PRIMARY PULMONARY MALIUNANCY 

FACTORS IXFI.VEXCIXa SUBVJV.W, 

Al.TOK OCUSNER, M.D..' Micilyei. DeBakey, M.D.° 

Charles E. Dunlap, and Irvino Richman, H.D4 

New Orix.\ns. La. 

I N THE fifteen years which have elapsed since Evurts Graham performed the 
first successful pneumonectomy for carcinoma of the lung: on a human sub¬ 
ject, the concepts formerly held concerning this disease have been radically 
modified. It is now recognized tlmt instead of being rare, it is a common type 
of malignancy, being preceded in frequency only by carcinoma of tbe gastroin¬ 
testinal tract, skin, and prostate. It is now recognized that instead of being 
inciu-able, it is susceptible to cure in u significant proportion of cases, if the 
patient is seen while the growth is still confined to the lung. Finally, it is now 
rccoguized that resection of the malignant growth, hi addition to being the only 
treatment from which cure can he expected, is also a perfectly practical method 
of therapy. A number of variations in technique have been devised, but resec¬ 
tion lias been established as the appropriate and logical form of therapy for 
carcinoma of the lung, and basic technical principles for its performance have 
been standardized. Present problems in management are concerned not so 
much with the type of treatment as with how to extend the benefits of surgery 
to more patients and thus to increase the possible salvage. 

The present communication consists of un analysis of various factors which 
appear to influence end-results aud survival of the 548 patients with primary 
Pulmouary malignancy observed at Charity Hospital of Louisiana at New Or- 
lonus (ou the Tulane University School of Medicine Service) and hi private 

Prejldentlal Addre** delivered at the Twenty-eighth Annual Meeting of The Amorican 
.LiwociAtlon for Thoracic Surgery, Quebec, Canada, May 31, Juno 1 and 3, 1848. 

... * department* of Surgery. Tulane University of Louisiana School of Medicine and the 

detumer Clinic, 

^department of Pathology, Tulane University of Louisiana School of Medlclno. 
fFeliow In Surgery'. Alton Ochnner Medical Foundation. 
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practice at the Ochsner Clinic from 1934, when exploration was performed 011 
the first patient for this disease at Charity' Hospital, to May 1, 1948. The same 
general features, apparent in previous reports, 2 ' 0 were noted in this cumulative 
series, and they need be mentioned only briefly here. The incidence of primary 
pulmonary malignancy continues to increase, perhaps because the disease is 
actually more frequent, but in large part because more cases are being recog¬ 
nized. It occurs predominantly in men in the fifth, sixth, and seventh decades 
of life. No etiologic factor has been found to have special significance. With 
few exceptions the growths are bronehiogenic in origin. In the early stages of 
the disease the clinical picture is .not characteristic and the usual symptoms 
ax-e seldom all present in any given ease. The physical findings are also not 
characteristic. In fact, the lack of a characteristic clinical picture, particularly 
in the early stages, and the general failure to appreciate the frequency of the 




Chart 1.—Schematic representation of results In 5X8 cases of primary pulmo 
malignancy. 
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disease are perhaps the two most important causes for the present low rate of 
cure. 

It is evident that improvement is badly needed from the fact that among 
these 548 cases (Chart 1), the disease was far too advanced in 194 patients 
.(35.4 per cent) to warrant oven exploratory operation. Forty-seven patients 
considered suitable for exploration refused surgical treatment. Of the 307 
patients in whom exploration was done, only 195 (63.5 por cent of the explora¬ 
tions and 35.6 per cent of the total series) had resectable growths. In other 
words, of every tbreo patients in whom the diagnosis of carcinoma of the lung 
coaid bo established ou reasonable clinical grounds, one was e limi nated as a 
candidate for operation because the growth was obviously inoperable, oue had 
a nonresectablc tumor proved at operation (or refused operation), and one 
had an actually resectable tumor. • 

These figures, however, as indicated in a previous review,' compare favor¬ 
ably with most series on record. The proportion of operability, in particular, 
is higher than is usually reported. This is still, however, an unsatisfactory 
showing, and we all share the responsibility of improving it. 

diagnosis, operability, .and resectability 

Diagnosis .—The most obvious and important method of improving the per¬ 
centage of resectable cases of carcinoma of the lung—the only means now appar¬ 
ent by which the end results can be greatly improved—is by earlier diagnosis. 
It has often been stressed that the most essential factor in early diagnosis is 
constant awareness that the disease may be present. Primary pulmonary 
malignancy should bo suspected as a possible diagnosis in every man over 40 
years of age who has unexplained thoracic discomfort, a persistent cough, he¬ 
moptysis, or any other symptom or sign referable to the respiratory Bystem. 
Nor should carcinoma of the lung be eliminated as a possibility until every diag¬ 
nostic method has been exhausted, including roentgenography, bronchography, 
bronchoscopy, and cytologic examination of the sputum or bronchial secretions. 

Roentgenography should be the initial step in the diagnostic routine in 
every suspected case. Iu seven patients without pulmonary symptoms in whom 
no pulmonary neoplasm was suspected, carcinoma of the lung was discovered 
on routine roentgenography of the chest and proved to be resectable. Such an 
experience clearly indicates the great value of roentgenography as part of the 
routine medical examination of all men in middle life and beyond. 

Of all diagnostic methods bronchoscopy with biopsy is the most accurato, 
though unfortunately it is not applicable in all cases because of the peripheral 
location of some of the tumors. Of the 195 eases of resection in this series, 
bronchoscopy was done in 161 (82.6 per cent) and not done in the remaining 
oases because the lesion was located so far out in the bronchial tree that it ob- 
■vioasly could not be visualized (Chart 2). Positive evidence of malignancy by 
bronchoscopic biopsy was obtained in only 37.9 per cent of the 195 cases of 
resection. Thus, of the entire series of resectable lesions, bronchoscopy provided 
a positive diagnosis in only a little moro than one-third of the cases. This is 
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readily explained by the location of the tumors as shown by a careful patho¬ 
logic examination of the resected specimens. Whereas there was some varia¬ 
tion according to the histologic character of the growth, the lesion was situated 
peripheral to the lobe bronchi in approximately one-half the eases (Fig. 12). 
The chance of bronehoscopic visualization of the more centrally located tumors 
is further reduced by the fact that a large proportion of them originated iu the 
upper lobe bronchi beyond the range of easy bronehoscopic visualization. It 
is obvious from these considerations that bronchoscopy has definite limitations 
as a diagnostic procedure and that a large proportion of patients with carci¬ 
noma of the lung would be denied proper treatment if operation were limited 
to those with positive results of biopsy. 

Cytologic examination of the sputum or of the bronchial secretions is an¬ 
other important method and one which may prove, as experience with it in¬ 
creases, to be the most practical and most useful of all. 
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Chart 2.—Schematic representation of results of bronchoscopy in 196 cases 
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If a probable malignancy of the lung cannot be positively identified or 
excluded by any of these methods, then the surgeon is fully justified hi recom¬ 
mending exploration of the chest. Exploratory thoracotomy is a procedure 
which now carries a minimum risk and if it is not applied in properly selected 
coses, ninny patients with carcinoma of the lung will be denied the opportunity 
for cure. A positive diagnosis was established prior to surgical exploration in 
117 (60 per cent) of our 395 eases of resection and in 208 (67.8 per cent) of 
the entire series of 1107 eases in which exploration was done. 

Extension of Criteria, of Operability. —Another method of increasing the 
proportion of resectable eases of primary pulmonary malignancy is by broaden¬ 
ing the criteria of operability or. more accurately, by restricting the contra¬ 
indications. There are few reasons, other than absolute inoperability, for not 
carrying out exploration on the chest of a patient with suspected carcinoma of 
the lung. Involvement of the phrenic or recurrent laryngeal nerves is not a 
definite contraindication. Such involvement was present in several patients 
in this series in whom resection proved possible. The definite presence of dis¬ 
tant metastases, obvious involvement of the trachea or carina, and the presence 
of maliguunt cells in the pleural fluid indicate that the growth has passed be¬ 
yond the stage of operability. In the absence of these findings it is our prac¬ 
tice to consider operation, since exploration frequently reveals thut a lesion 
which clinically appears to be inoperable is actually resectable. 

The proportion of resectuble eases in this series was further increased by 
tho use, in addition to pneumonectomy, of certain supplemental procedures in 
eases in which tho growth hud extended beyond the substance of the luug. 
These procedures included resection of a portion of the pericardium with intra- 
pericardial ligation of the hilar vessels (19 cases), suture of the auricle (10 
eases), and resection of part of the dinjjhrugm .(9 cases), or thoracic wall 
(11 cases). Supplemental procedures were necessary only when the neoplasm 
had extended beyond the borders of the lung, lienee, these resections were all 
considered palliative and some surgeons might even question the wisdom of 
operation on such extensive growths. We do not share this doubt. We perform 
the palliative operation whenever the risk entailed is not excessive for two rea¬ 
sons: (1) the patient’s remaining span of life is more comfortable when in¬ 
volved, necrotic, and infected pulmonary tissue is removed, because be is spared 
the sepsis and continued exudation which he would otherwise be obliged to en¬ 
dure. The procedure, therefore, seems warranted from the humanitarian 
standpoint alone. (2) There is some evidence, us will be pointed out later, that 
Palliative resection favorably influences the period of survival. In fact, some 
of these patients have survived five years with no evidence of recurrence. 

ANALYSIS Of RESULTS 
1 Mortality aiul Causes of Death 

There were 45 hospital deaths (23 per cent) in the 195 patients in whom 
resection was possible (Pig. 1). An analysis of the hospital death rate from 
the standpoint of chronology reveals a steady improvement with the passage 
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Fig. i.—Hospital mortality In 196 cases ot primary pulmonary mallsnancy treated by resection. 
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of time. The mortality for the 1947-1948 series (10 of 61 cases, 16.4 per cent) 
is less than ono-third of the mortality rate for the first five-year period of tho 
analysis (12 of 22 cases, 54.5 per cent). It may reasonably be assumed that the 
progressive reduction is a reflection of improvements in surgical technique, in 
anesthesia, and in preoperative and postoperative care. 

The present mortality' of 16.4 per cent for the 1947-1948 series is relatively 
high, it is true, but an analysis of the causes of death in this series (Pig. 2) 
leaves considerable doubt that it can be materially reduced. Suoh causes as 
hemorrhage, pneumothorax, and nuesthetie complications are chiefly due to tech¬ 
nical errors and arc therefore preventable, but they accounted for only a small 
part of tlie mortality in recent cases. Possibly some deaths from postoperative 
empyema can be prevented, hut the use of sulfonamides and penicillin does not 
seem to be the answer to the problem.*’ “ 

To a certain extent the major cause of death after pneumonectomy may be 
considered beyond the surgeon’s control. In this series, ns in most reported 
series, almost one-half of all dcatlis following operation were due to cardiovas¬ 
cular disturbances, which are frequently' present, together with other constitu¬ 
tional diseases, in many patients in the age group in which pulmonary malig¬ 
nancy is most frequent They represent au unavoidable element of risk which 
must be assumed in pneumonectomy for this condition unless the criteria of 
operability are so strictly limited that patients with cardiovascular disease are 
excluded from surgical treatment and are thus denied their only chance of life. 
In other words, the postoperative mortality of carcinoma of the lung might thus 
be reduced, but tho final mortality' of the disease would undoubtedly be in¬ 
creased. Perhaps with greater care in the preparation of these patients for 
operation the risk of cardiovascular deaths can be reduced and for this reason 
a cardiologist has been added to our thoracic team. 

In tho total series of 195 cases of resection the procedure was considered 
palliative in 138 (70.8 per cent) and curativo in 57 (29.2 per cent), the former 
being determined by extension of the lesion beyond the borders of the lung 
either grossly or by histologic demonstration of regional lymph node metastasis 
and the latter by the absence of these criteria.’* The fact that in 7 out of 10 
cases in which resection was possible the lesion was recognized as being beyond 
the likelihood of surgical cure further emphasizes the need for earlier diagnosis. 

The operative risk is potentially greater in palliative than in curative resec¬ 
tions os is shown by the operative mortality in our series, the corresponding 
figures being 25.3 per cent and 17.6 per eent (Pig. 3). It is interesting to ob¬ 
serve, however, that since 1942, with improved management of poor risk pa¬ 
tients, the risk of operation in the palliative cases, which was formerly high, 
has been reduced until it is now about the same as that in the eurative cases 
(K?. 3). 


‘ In a few cases classified a* curative resections in our previous publication, 4 histologic 
•tudie* of the original material revealed lymph node metastasis. These case* have now been 
“■wuferred to the palliative group. For thU reason »me difference* may be observed between 
me result# here presented and those previously published- 
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Fig. 2.—Causes of death In the 15 patients dying in the hospital among the 155 patients aith 
primary pulmonary malignancy treated by resection. 
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Fig. 3.—Hospital mortality In palliative and curative cases of resection.. 




fit 1 .—HUtolosIc type. ot cmclnonui of thy tuns. A, Epidermoid (.qunmoui cell) 
carcinoma era da II- a faw >moll epithelial pearl* are present. B, Adenocarcinoma; low 
columnar and cubol’dai tumor cell* are forming Irregular eland like *pace* In the fibrous 
■troma; small papillary projection* of the tumor extend Into tho lumen* of there ■paces. C, 
UndlfTerentinted carcinoma, *ma 11 round-cell type; the tumor is made up of fairly uniform 
■fnall, round, dark-stainlng cell* without any distinctive arrangement .This tumor can be con- 
with lymphosarcoma unless careful attention 1* paid to the atructure of th® nuclei ami 
to the Occasional regions In which the tumor cells are arranged along the border* of the 
delicately branching fibrous stroma. D. Undifferentiated carcinoma, oat-cell type; thta tumor 
*» not always classed among tho undifferentiated carcinomas since the characteristic fusiform 
•bsbe of the cells give It a distinctive appearance. In. the past such tumors have sometimes 
been classified as sarcomas, but study of numerous sections will usually reveal some transition* 
to definite epithelial structure*. E. Undifferentiated carcinoma, large clair-ccll type; this 
tumor may tie confused with retlculum-cell sarcoma but careful study will usually'show-a 
Jew attempts to form Klondllko structure* or some small nests of keratinized cells. F, Undif¬ 
ferentiated carcinoma, unclassified; this slide shows a tumor from the heterogenous group of 
undifferentiated tumor* which were not subclasslfled and which appear In the figures a* 
undifferentiated carcinoma other.” The tumor cell* are pleomorphic and bizarre giant forum 
Present The picture 1* complicated by the presenco of inflammatory cells resulting from 
*«xmdary Infection, 
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Histologic Studies ,—In order to evaluate the factors which affect sur¬ 
vival it is important to have as complete data as possible on all aspects of each 
case. For this reason, the subsequent analysis has been limited to the 195 
cases in which resection was done. Every patient in this series has been traced 
to May 1, 1948. The hospital record of each patient was reviewed, the clinical 
signs and symptoms were tabulated, and the precise location of the neoplasm 
was determined as exactly as possible from the original, gross pathologic de¬ 
scriptions and bronehoseopic roports. 



EPIDERMOID ADEhlOCAJ2CIWOMA UK.D1 FFEREMTIATED 


. 190 

Elg. 5.—Graphic representation of distribution by histologic type and grade or i 

of resection for carcinoma of the lung. 


The original slides were obtained in all but one of these cases and in or 
to assure an objective analysis the slides were independently rediagno > 
classified, and graded by one of us (0. E. D.) without any knowledge 0 
original diagnosis or the clinical history or fate of the patient. Many ^ ^ 
tions of carcinoma of the lung have been proposed, but for the purposes ^ 
study only three major groupings were used: epidermoid (squamous 
carcinoma, adenocarcinoma, and undifferentiated carcinoma. The cases 
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epidermoid and adenocarcinoma were eaeli further divided into four grades of 
histologic malignancy and tlio cases of undifferentiated carcinoma were arbitrari¬ 
ly divided into three subgroups, according to cell type: first, the small round¬ 
cell and tile ont-cell carcinomas; second, the large round-cell and clear-cell 
tumors; and third, ft miscellaneous group of irregular cell types designated as 
“other” (Pigs. 4 and 5). All carcinomas were assigned to one of these groups 
and subgroups ut the time the slides were reviewed without knowledge of the 
fate of any of the .individual patients and no subsequent changes were made in 
tliis classification. Carcinoma was found in the sections from 190 of the 195 
resected lungs. The lesions in the remaining 5 patients were: one low-grade 
neurofibrosarcoma, one Hodgkin’s disease, one lymphosarcoma, one malignant 
melanoma, and one carcinoma diagnosed at the time of operation, but excluded 
from this study since the original slides were not available. Two cases originally 
diagnosed as fibrosarcoma and so reported in previous publications 4 ' 3 were re¬ 
classified os undifferentiated carcinomas and one of the eases previously re¬ 
ported ns lymphoblastoma was reclassified as Hodgkin’s disease. It is worth 
mentioning that each patient in whom the diagnosis is now neurofibrosarcoma, 
lymphosarcoma, and Hodgkin's disease is still living 12 years, 6 years, 9 
months, and 3 years, 8 montlis, respectively, after pneumonectomy. The pa¬ 
tient with the malignant molauouia died 2 weeks postoperatively. The patient 
in whom the original diagnosis was carcinoma but who was excluded from 
this study because the original slides are no longer available is still living 8 
years, 3 months after operation. 

Since the various fuctors affecting survival are generally evaluated in 
terms of the number of patients ulive Ht yearly intervals after treatment, cor¬ 
relations of this character wero made whenever possible. In other instances a 
"fatality rate” was determined by addnig up the total number of years of 
observation on all patients living and dead in a particidar group and dividing 
the total number of deaths by this figure to give a fatality rate in terms of tile 
number of deaths per patient-year of observation. This is an accepted method 
of statistical treatment and has the advantages of taking into account the length 
of survival of those patients who died and at the same time including living pa¬ 
tients of both long and short survival. 

Suruival Rates 

Every pntieut iu this series who survived operation and who was submitted 
to surgical treatment six months ago or longer has been followed up to date. 
Because the patients involved iu these calculations were operated upon at vary¬ 
ing times in the past, the number of cases in each category is different, and the 
numbers becomo progressively smaller ns the possible survival time increasea 
Thus, patients operated upon only one year ago have had no opportunity to 
survive longor than one year. Accordingly, the survival rate in this analysis 
is calculated on the basis of the possible period of survival following operation. 
In some instances, as will be appropriately indicated, the survival rate analyses 
are mads for the entire series of 195 eases of resection of primary pulmonary 
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malignancy, -whereas in others it is based only upon the 190 cases of resection 
of carcinoma of the lung. 

Of the 181 patients with primary pulmonary malignancy operated upon 
six months ago or longer, 99, a little more than one-half, were alive at the end 
of this period; the 62 deaths include the fatalities which occurred in the hospi¬ 
tal immediately after operation (Fig. 6). At the end of one year not quite 
40 per cent of the patients submitted to resection were still alive. At the end 
of the second, third, fourth, and fifth years the proportion of survivals was 
about the same for each year, ranging from 20 to 27.5 per cent. To express 
it differently, the survival curve drops rather rapidly within the first year 
after pneumonectomy for primary pulmonary malignancy, but by the second 
year it begins to be stabilized, and it continues almost as a plateau from the 
third to the fifth year. The assumption, therefore, seems warranted that a 
patient who lives through the second year after operation has a good chance of 
being alive at the end of five years. 
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Fig. 6.—Gross survival rate after resection In 195 cases of primary pulmonary nia gna 


With the progressive improvement, through increasing experience, r 


has taken place in operability and in hospital mortality in tins series, 1 
thought possible that a similar improvement might be reflected in the suiu 
rates for the later periods of this experience. Accordingly, the patients 


divided into two groups, depending upon whether the operation was e 
out before or after 1942, and their survival rates were compared. No sigm caI 
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difference in the rates was evident, which seems to indicate that though im¬ 
provements in technical management have resulted in a reduction of the hospi¬ 
tal mortality, they have had little if any influence on the length of survival. 

Of all factors influencing the survival rute in carcinoma of the lnng the 
most obvious is the extent of the growth, that is, whether or not it has extended 
beyond the borders of the lnng at the time of operation. As previously stated, 
resections of lesions which had extended beyond the borders of the luug were 
considered palliative rather than curative. When the eases in this series are 
compared from this standpoint, the difference in survival time is, as might be 
expected, significantly in fuvor of patients who had no oxtrapulmonary ex¬ 
tension of the growth at the time of operation (Fig. 7). 

Tho question may fairly lx* raised ns to whether patients with extension of 
the growth beyond the lung might not have survived just as long without 
operation. To determine this point, the eases in whieh resection was not done 
were divided into two eategories. those in whieh there was no surgical treat¬ 
ment at all because the patient refused operation or the growths were inoperable 
and those in which exploration showed the growth to be inoperable, and the 
survivnl times were compared. It is realized that these eases are not strictly 
comparable to the cases of resection since the former are more advanced than 
the latter. However, the eases without resection include -17 patients in whom 
the lesion was considered operable but who refused opemtiom in two-thirds of 
whom the lesion probably would have been resectable. The patients in whom 
resection was not (lone showed practienll.v the same rate of survivnl whether 
or not exploration had been carried out (Fig. 8). At the end of six months, 
only about 15 per cent were still alive, and at the end of three years none 
were ulive. A comparison of the results in these eases with the results in the 
cases of resection shows that whereas in the former group none lived three years, 
among the hitter 20 per cent survived this period (Fig. 9). It is also significant 
that 10 per cent of patients with palliative resections survived more than three 
years, whereas none with lesions considered inoperable lived so long. This 
lends support to our conviction that palliative resections are justified both 
for symptomatic relief and prolongation of life. A graphic comparison of the 
results in eases of nonresectiou, in all eases of resection, and in, cases of resec¬ 
tion categorized ns to whether the growth was localized or had extended 
beyond the pulmonary tissue makes clear these differences in tho survival 
rates (Fig. 10). 

At the present time tho gross survival rate iu carcinoma of the lung at the 
end of five years is 7.7 per cent. This is not high, but it is as high or higher than 
the present'survival rate in carcinoma of the stomach whieh, according to the 
represeutative literature nud our own experience, does not exceed 6 to 8 per 
cent at the most and in some series is as low ns 2 per cent. The percentage of 
operability in carcinoma of the stomach, furthermore, is 57 per cent, whereas 
thut of carcinoma of the lung is 67 per cent, and the percentage of resectability 
in carcinoma of the stomach is 25 per cent, against 35.2 per cent for carcinoma 
of the lung. It, therefore, appears that the operability and rate of cure in 
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REPJOD OF SURVIVAL. 

Fic. 8-—Qross survival rutc In cases of nonrcsectlon for carcinoma, of tho lung. 
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Mg. 9.-—Comparison of survival rates among cases of resection and nonrescctlon for carcinoma of the lung. The difference between the flg 
uros shown here for the cases of resection and those shown in Hlg. G is explained by the fact that there is Included in the latter the four caset 
diagnosed each as neurofibrosarcoma. Hodgkin's disease, lymphosarcoma, malignant melanoma, and the one case of carcinoma in which the orig¬ 
inal slides are no longer available. » 




foncnths Zije'&r* Syedtra 4ueAcu 3yMTS 

perjod or survival 

10.—Graphic ruprt'nentaUon of aurvlval rate-* in cui-cw of rejection and nonr«i*ectlon for 
cnrclnonm uf the lunff. 

Special Factors Affecting Survival 

Location an/I Extent of Tumor. —Because of the elinicul impression in 
dicated previously, 1 that greater hazards were associated with right than with 
left-sided lesions, an analysis was made of the fatality rate according to lobe 
involvement (Pig. 11). This anal vsis confirmed the clinical impression that 
nght-sided lesions carried a higher fatality than left-sided lesions, the corre¬ 
sponding figures being 93 and 6n per cent. Among the curative cases the 
fatality rate was about the same for all lobes, but among tbc palliative eases 
lesions in the right upper lobe carried a much more grave prognosis than in 
tho left upper lobe. The fatality rates for lesions arising in the main stem 
bronchi, lobe bronchi, and peripheral portions of the lung were about the 
“ante, tho figures being, respectively, 79, 71, and 68 per cent. In the entire 
ffroup central and peripheral lesions were about equally divided. The epider¬ 
moid carcinomas were predominantly central and the adenocarcinomas were 
predominantly peripheral (Pig. 12). 

-“ff*-—Since age is generally recognized as an important consideration in 
determining both the risk of operation and the survival period after operation, 
an analysis of this factor was made in several ways. A comparison of the age 
distribution by, histologic types showed that a iiigber proportion of tile epider¬ 
moid and undifferentiated forms of broneliiogenic carcinoma occnr in the older 
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age groups than do tlie eases of adenocarcinoma (Pig. 13). This is more strik¬ 
ingly demonstrated by determining the relative incidence of eaeh of these 
histologic types of carcinoma in different age periods. Prom this analysis it 
would seem that before the age of 50 years the chances of having any one of 
these types are about equal, but after the age of 60 years there is a two and one- 
half times greater chance of having an epidermoid carcinoma than an adenocar¬ 
cinoma, whereas the proportion of undifferentiated neoplasms shows little change 
(Pig- 14). 

The influence of age upon survival was determined by computing the 
fatality rates according to the age of the patient at the time of operation. As 
might be expected, the fatality rises with increasing age (Pig. 15). Since 
it is conceivable that this may be due in great measure to the greater operative 
hazard in elderly patients, a similar analysis was made excluding all deaths 
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occurring within thirty days after the operation. This showed that the pro¬ 
nounced iuerease in fatality after the age of 60 was due principally to early 
postoperative deaths (Fig. 15). This would tend to support the clinical im¬ 
pression that the hazards of operation become much greater with increasing 
age. 



EPLDERMOLD ADENOCARaNOMA UNOIFFERENTIATJcD 


PJ*. 12.—Distribution by location of lesion In tho 190 canes of resection for carcinoma 
, ‘ Ul ® lung. The figures wltnin the columns represent the number of cases and those above 
ine columns represent percentage. Lesions designated as being In the “periphery" Include all 
originating distal to the primary bronchL 

Sex .—It baa kmg been recognized that carcinoma of tbe lung is pre¬ 
dominantly a disease of men, though no satisfactory explanation for this 
curious phenomenon has been advanced. In this series of 190 cases there were 
01 >ly 27 women (Fig. 16). Another interesting observation became apparent 
upon analysis of tbe sex distribution of our cases by iiistologic types. It was 
found that in men epidermoid carcinoma occurred more than two and one- 
half times more frequently than adenocarcinoma, but in women this ratio was 
completely reversed (Fig. 17). 

Because of these differences in tbe relative incidence and types of car- 
cwoma of the lung in tbe two sexes, it was considered desirable to deter min e 
the survival rates according to sex. Tbe women showed a consistently more 
favorable prognosis over a five-year period than the men (Fig. 18). This may 
he explained in part by the fact that tbe average age of tbe women with' re¬ 
futable carcinoma of the lung was four years less than that of the men. 
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Survival by Histnlugic Tyges and Grades 

The gross survival rate for the entire series of patients lias already been 
presented. The patients were then studied in groups aeeordiiifr to the histologic 
type of the tumors and the survival rate was computed for each group. The 
patients with epidermoid carcinoma showed the highest survival rate, undif¬ 
ferentiated carcinomas tile lowest, whereas those with adenocarcinomas were 
intermediate (Fig. ID). Fatality rates were then computed according to the 
histologic grade of malignancy in each of the major histologic groups. Among 
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He. IS.—Fatality rate* ucConllnQ to a«e at tlio time of operation In the 190 cn*ea of resection 
for carcinoma of the lung-. 
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Me. 18.—Survival rate according to sex In tho 190 case* of resection for carcinoma of the lung. 
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l».—Survival rate according to histologic type In the 190 cases of resection for carcinoma 
of the lung. 
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the epidermoid carcinomas there was a progressive rise in the fatality rate 
from Grade I and II to Grade TV, which was apparent both in the palliative and 
the curative cases (Pig. 20). The same pattern was’apparent among the dif¬ 
ferent grades of adenocarcinoma (Pig. 21). Although the undifferentiated 
carcinomas were not graded, the small-cell and oat-cell tumors carried the 
lowest fatality, the miscellaneous group was next, and the large round- and 
clear-cell tumors gave by far the highest fatality rate of any group studied 

(Pig. 22). 


DEATHS PE.pl PAT1EH.T-'tEAR 
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Fig. 20.—Fatality rate according to histologic grade in the 51 palliative and 21 curatl'e 
tions of epidermoid carcinoma of the lung. 



OCHHNKlt KT AL.: PRIMARY PULMONARY MALIGNANCY’ 


59 7 


SUMMARY AND CONCLUSIONS 

1. Among 548 putients with primary pulmonary mulignaucy, 194 ,(35,4 
per cent) lmd inoperable lesions, 47 (G per cent) refused operation, and 307 
(56.1 per cent) had exploration. Of the 307 explorations, the lesion was 
found to be resectable in 195 (35.6 per cent of the total series). In brief, this 
means that of every three patients with carcinoma of the lung one lmd an 
.obviously inoperable lesion, one lmd a lesion found to be inoperable at explora¬ 
tion (or refused operation), uml one had a resectable lesion. 

DEATHS PER. PCTlENT-YEAE 

OF OBSERVATION j.,g 



AD E WOCARC1WOMA 

ric. 31.—Fatality rate aceorUInc to hjatoloalc ffraile In the 31 pallUiUve ami 12 curative reave- 
ttonn of atlttnocnrcmoina of tho lunp. 

2. Positive results of bronehoscopie biopsy wore obtained in only 37.9 por 
ceu t of the 195 eases of resection. In approximately the same proportion of 
caRe a, the lesions in thu resected specimens were found to ho within range of 
bronehoscopie visualization. This illustrates the diagnostic limitations of bron¬ 
choscopy and emphasizes tho importance of exploration when all diagnostic 
methods yield only presumptive evidence of carcinoma. 
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3. A m ong the 195 cases of resection there were 45 hospital deaths. There 
has been a progressive reduction in hospital mortality during the period of 
this study from an initial figure of 54.5 per cent to 16.4 per cent. Approxi¬ 
mately one-half of the hospital deaths were attributable to cardiovascular dis¬ 
turbances, one-quarter to respiratory disorders, and the remainder to hemor¬ 
rhage and miscellaneous causes. 

DEATHS PER. PATIEMT-YEAR 

OP OBSERVATION 7*a 
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Oig- 22. Fatality fate according to histologic type among the 53 palliative and 19 cura 
resections of undifferentiated carcinoma of the lung. 

4. In this series, 70 per cent of the resections were considered palliative 
rather than curative since the lesions had extended beyond the confines o ® 
lung. Palliative resections are considered justifiable because the risk is no 
excessive, the patient’s remaining span of life is more comfortable, an 
average survival period is increased. 

5. In all but one of the 195 cases, the. original slides were reviewed, c 

tied, and graded without knowledge of the original diagnosis or fate 0 ^ 

patient. All carcinomas were placed in one of these groups: epideini 
(squamous cell) carcinoma, adenocarcinoma, or undifferentiated caicinoni 
The epidermoid and the adenocarcinomas were divided into four S ra ^ 
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histologic malignancy, and tile undifferentiated carcinomas were arbitrarily 
divided into three subgroups according to cell type. Among the 195 cases of 
resection, carcinoma was found in 190, neurofibrosarcoma in 1, Hodgkin’s 
disease in 1, lymphosarcoma in 1, malignant melanoma in 1, and 1 diagnosed 
ns carcinoma at the time of operation was excluded because the original slides 
were not available. Among the 190 carcinomas, 75 were epidermoid, 43 adeno¬ 
carcinoma, and 72 undifferentiated. 

6. The gross survival rate after resection was 20 per cent at the end of 
three years with little change up to five years thereafter. 

7. The survival rato in curative resections was considerably better than in 
the palliative group, but even in the latter a 10 per cent three-year survival 
rate was observed. Among the eases of nonreseetion, however, no patient 
survived threo years. 

8. Lesions in the right lung had a higher fatality rate than in the left 
lung. There was no difference in the fatality rates between centrally and 
peripherally located lesions. 

9. Epidermoid and undifferentiated carcinomas occur in a higher proportion 
in the older age groups than do the adenocarcinomas. The distribution of 
histologic typo is about equal among the younger age group, but among the 
older ago group there is a preponderance of epidermoid carcinomas. With 
increasing age at the time of operation there is a progressive increase in 
fatality. A sharp inereuse in fatality occurs in patients operated upon after 
the age of 60 years. 

10. Among the 190 patients with carcinoma of the lung there were 163 men 
and 27 women, a ratio of about 6 to 1. The most frequent type of tumor in men 
was epidermoid carcinoma whereas in women it waB adenocarcinoma. The 
survival rate over a five-year period was consistently more favorable in women. 

11. The most favorable survival rate was found in patients with epidermoid 
carcinoma and the poorest in those with undifferentiated carcinoma. Histologic 
grading of epidermoid and adenocarcinoma showed a good correlation with 
fatality. Among the undifferentiated carcinomas the small-cell and oat-cell 
tumors carried the lowest fatality and the large round- and clear-cell tumors 
the highest. 
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CONGENITAL TRACHEOESOPHAGEAL FISTULA WITHOUT 
ESOPHAGEAL ATRESIA 

Cameron Haight, M.T). 

Ann Arbor, Mich. 


C ONGENITAL tracheoesophageal fistula in. the presence of an otherwise 
normal esophagus is of rare occurrence. Isolated reports of a congenital 
tracheoesophageal fistula as a sole entity are to he found in the literature, but 
most esophageal malformations consist of an esophageal atresia which is usually 
associated with a tracheoesophageal fistula. Largely because of its rarity, but 
partially because of difficulties in establishing the diagnosis of congenital 
tracheoesophageal fistula without esophageal atresia, the only reported instance 
of an attempt to correct the anomaly is the one described by Imperatori. 1 In bis 
case, closure could be obtained through a cervical tracheotomy incision because 
of the high location of the fistula. In the following case an extrapleural ap¬ 
proach was used for the closure of a congenital tracheoesophageal fistula situated - 
within the thorax. 


CASE REPORT , 

J. C. (No. 599481), mule, aged 4 years, was referred to the University of Michigan Uos 
pital on Sept. 16, 1946, by Dr. Duane Carr, Memphis, Tenn., who had established the dingnoMs 
of congenital tracheoesophageal fistula without an esophageal atresia. The child prcsenh 
symptoms of choking and cyanosis concurrent with feedings since birtlu Because of the sus 
picion of congenital atresia of the esophagus, a catheter was introduced into the stoiunc i on 
the second day after birth. Roentgenologic verification of the patency of the esophagus was 
obtained on the fourth day after birth, at which time barium was injected through a cat e er 
(Fig. 1, A). Ou the twelfth day a barium suspension given orally revealed the contrast me¬ 
dium in the esophagus, trachea, and right bronchi (Fig. 1, B). It was presumed that ie 
barium had entered the trachea by the suprnglottie route and the diagnosis of tracheoesop a 
geal fistula was not made at that time. Atelectasis of the upper lobe of the right lung '' 
evident in the film studies ou the twelfth day; the ensuing films of the chest at in ter'a 
ing the next four years revealed varying degrees of bilateral pneumonitis (Fig. -)• * 
time during this period were the lungs free of pneumonitis on roentgen examination, 
chronic cough appeared shortly after birth; at times during the day, but more so 
the cough was accompanied by choking and cyanosis. The symptoms occurred sudden ) 
with sufficient severity so that the mother had to be in constant attendance througwu ^ 
day and night; often it was necessary to invert the patient quickly in order to dram 
tions from the bronchial tree. ^ 

Gavage feedings were begun ou the second day after birth and were contmu ““ 
the end of the first year of life when feedings were started by the oral method. The ee 
often caused choking and coughing. As a result of these symptoms, vomiting re 9 u 
occurred during or shortly after meals. Solid foods were ingested more readily than q ^ 
and milk caused fewer symptoms than water. Because of the almost invariable cio 1 ^ 

swallowing water, the child had an aversion to it and rarely' drunk it. During the p 

four years, there had been seven uttucks of pneumonia, and paracentesis of the m. > 
had been required on fourteen occasions because of bilateral otitis media. 

From the Department of Surgery, University of Michigan Meilical School. )oJ) f 0 r 

Read (by title) at the Twenty-seventh Annual Meeting of The American Ass° 

Thoracic .Surgery'. St. Louis, Mo., May 2.S, 21), and 30, 1!)47. 
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Klg. 1. —A, The nbaertce of an cHOlihnwenl ntrv«l«i deiiK>iu< tinted by pnaxuAC of h cathotcr 
Into the stomach four day* after birth. U. Koentconotfiam following ingestion of barium 
twelve tlnya after birth. The contiaat medium In the tmeheu and bronchi wan believed to hiiYO 
been aspirated through the larynx. (t’mntwj of St. Joseph** Honpltnl. Memphis, Tcnn.) 
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When the patient was 3% years of ago lie was seen in consultation by Dr. Carr. Sines 
the mother mentioned at that time that the symptoms, were more pronounced when the ehild 
was turned into the prone position, Dr. Carr suspected the presence of a tracheoesophageal 
fistula and suggested an examination of the esophagus with iodized oil and with the patient 
in the prone position. The oil entered the bronchial tree, outlining the trachea and both 
main bronchi, whereupon a diagnosis of congenital tracheoesophageal fistula was made. 
Operative correction of the fistula was advised but the parents did not accept this recom¬ 
mendation until nine months later. 

On examination the child was well developed and well nourished in spite of the respira¬ 
tory difficulties which had attended the feedings. The weight was 26 pounds. Respiratory 
wheezes were audible at a distance, nnd a frequent cough was productive of mucoid secre¬ 
tion. The nose and throat revealed evidence of an acute upper respiratory infection. The 
chest presented an emphysematous appearance; the breath sounds were harsh throughout 
and numerous rfiles were audible bilaterally, particularly at the bases of the lungs. The 
examination otherwise was not of interest. The laboratory examinations showed no devia¬ 
tions from normal. 


Roentgenologic examination of the esophagus was made by Dr. John F. Holt on Sept. 
17, 1946. Iodized oil was given orally with the patient in the prone position. It was observed 
by fluoroscopic examination that the oil entered the trachea coincident with the first swallow. 
The exact site of the fistula could not be determined at the fluoroscopic examination or in (he 
subsequent films. There appeared to have been slight regression of the bilateral pneumonitis 
since the last preceding film studies nine months earlier. Operation was deferred for ten 
days after admission in order to await clearing of the acute upper respiratory infection. 
During this interval the child received sulfadinzine orally and penicillin intramuscularly. 


Operation was done Sept. 27, 1946, Bronchoscopy, esopluigoscopy, and repair of con¬ 
genital tracheoesophageal fistula were carried out. After' the induction of ether-oxygen 
anesthesia, the trachea was examined with a 4 mm. bronchoscope, but a fistula could not be 
seen. A 5 mm. bronchoscope was then used for examination of the esophagus. The anterior 
wall of the esophagus was carefully' investigated, but no fistula could be found. Because e 
determination of the exact level of the fistula had not been possible on roentgenologic exami 
nation, and because it was believed that this information was of importance in planning the 
level of the operative approach, the tracheoscopy was repeated using a 5 nun. bronchoscope. 
The improved visibility of the trachea with this instrument resulted in the prompt recognition 
of a large fistulous opening on the right posterolateral wall of the trachea at a level approx 
mately 1.5 to 2 cm. above the bifurcation. At a distance of several milimeters from the w 
of the trachea, the lumen of the fistula narrowed to a' diameter of 3 to 4 nun. Air an 
watery fluid bubbled through the fistula coincident with the expiratory phase of rC3 P'^ 
tion, indicating a communication with the esophagus. The bronchoscope was withdrawn, an 
intratr.acheal tube was inserted, and the patient was then placed in the left lateral position- 

The site of the incision was infiltrated with % of 1 per cent solution of Afety’ ^ 
hydrochloride. A right parascapular incision was made from the level of the secon 
sixth ribs. The fourth and fifth ribs were resected posteriorly', the fourth intorcosta ^ 
bundle was divided, and the parietal pleura was separated from the thoracic wall un 
posterior mediastinum was entered. The esophagus and trachea were exposed and t 6 
nerve was infiltrated with the local anesthetic solution. Between the lower 
trachea and the esophagus, a gap of about 3 mm. was present. At this level, a s trac ^ eo . 
not evident between the two structures. The dissection was carried upward, and e tion . 
esophageal fistula was encountered at a distance of about 2 to 2.5 cm. above the ^ ^ 
The length of the fistula was about 4 mm.; its breadth could not be ascertains ^^ eU p 0n 
areolar and fatty tissue adjacent to its superior edge had been reflected upwar , " 
it could be seen that the breadth was about 6 mm. A silk thread was passed ar0 ff83 
fistula'to provide traction (Fig. 3, A). It was apparent at this time that the 
insufficient to allow satisfactory closure of the fistula. The posterior portion P 
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. Y _ 3.—A; The appearance of tho tracheoesophageal flitula a* «eeu on ex trap! 

«pa*ure of the anomaly. B, The fistula has been transected clo»e to the esophageal 


ileuraj 
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Fig. a.—A; 

ore of the anomaly, a, Tne nauua noa uueu uuuiaicu uw uic vavpnugeai warn 
*ne tracheal opening haa been closed with one layer of Interrupted sutures and the esophageal 
ypening with two layer* of sutures. O, A pedicle flap of mediastinal fat and areolar tissue 
Jvf. iutured over the closed tracheal fistula In order to reinforce the suture line and to 
ntcrpose a barrier of tissue between the closed fistulas. 
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rib was therefore resected and the third intercostal muscle bundle posteriorly was divided 
between ligatures. The fistula was partially transected from below upward for a distance 
corresponding to about one-third of its breadth. As it was anticipated that closure of the 
tracheal end of the fistula would be more difficult than closure of the esophageal end, the in¬ 
cision was placed, in close proximity to the esophageal wall in order to leave a cuff of the 
fistulous wall attached to the trachea. This plan was thought to be necessary in view of the 
relatively large diameter of the fistula as it entered the trachea, as had been observed dur¬ 
ing the trnelieoseopie examination. On incision of the fistula, it appeared that the horizontal 
diameter of the tracheal opening was slightly greater than the vertical diameter. In spite of 
the cuff of the fistulous wall which had been preserved, some difficulty was experienced in the 
placement of sutures along the inferior margin of the tracheal end of the fistula. Thia con¬ 
dition resulted from the fact that a portion of the fistulous opening extended lateral to the 
membranous portion of the tracheal wall and arose from the rigid cartilaginous wall. The 
fistula was then completely transected, and the tracheal opening was closed with approxi¬ 
mately six sutures of interrupted 00000 silk on atraumatic needles. The opening into the 
esophagus was readily closed with sutures of a similar material; the first layer of sutures of 
an end-on mattress type was placed in the mucosa and a satisfactory inversion of its edge 
was obtained. The longitudinal fibers of the musculnris, which had been displaced laterally 
by the presence of the fistula, were then approximated to provide for a second layer of the 
closure (Fig. 3, B). In order to strengthen the closure of the tracheal end of the fistula 
and to interpose a layer of tissue between the tracheal and esophageal suture lines, a pedicle 
flap of the mediastinal fat and areolar tissue which had been displaced upward on exposing 
the fistula was sutured downward to cover the tracheal suture line (Fig. 3, C). The wound 
was irrigated with physiologic saline solution and 200,000 units of penicillin were instilled. 
As a small opening had been made in the mediastinal pleura immediately behind the junction 
of the azygos vein with the superior vena cava, tho inner end of a narrow gauze drain was 
placed over the site of the pleural opening. The outer end was brought out through the 
central portion of the incision. Inflation of the lung was maintained with positive pressure 
during the closure. The anterior ends of the divided intercostal muscles were sutured to 
the undersurface of the sacrospinalis muscle, the extrncostul muscles were approximated in 
layers, and the subcutaneous tissues and skin were closed in separate layers. During the 
operation the patient received 200 e.c. of blood by infusion into the saphenous vein at the 
level of the left ankle. Examination of the chest at the conclusion of the operation re 
vealed breath sounds of normal intensity throughout the right lung and no evidence 
pneumothorax. 

The postoperative course was satisfactory and without complications. A Leviue 
was placed into the stomach to prevent gastric distention and vomiting, but constant su 
tion. was not necessary. Fluids were administered by subcutaneous infusion and rec a 
stillation for the first two day's after operation, and were then given by gavage from ^ 
third to fifth days, inclusive. Fluoroscopic examination with the aid of iodized oil and ^ 
the patient in the prone position on the fifth day revealed no evidence of leakage o ^ 
esophageal suture line, and oral feedings were begun on the following day. Feni ^ 
intramuscular injection was continued throughout the postoperative eourse, and sulfa ^ ^ 
was begun on the third day coincident with gavage feedings. The gauze drain in 
trapleural wound was shortened daily and was completely' removed on the sixth postope ^ 
day. Film studies of the chest on the first and second days revealed increased denm1 ^ 
the extrapleural wound space, but no effusion was present in the right pleural ca ” ty ' j(T 
examination of the esophagus with barium on the twelfth day showed no abnormah y , 
4, A). At tills time the pneumonitis in the right liilar region had decreased, but t 
monitis in the left lung remained unchanged. The patient was discharge'd from 
pital on the thirteenth day; the wound was healed, feedings were being taken witliou s ^ 
toms, and the chronic cough which had been present before operation had almost co F. t 
disappeared. There was a complete absence of the rale 3 which had been present ir » 
both lung fields on admission. 
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A roentgenogram of the chest live weeks after operation showed considerable clearing 
of tho pneumonitis bilaterally (Fig. 4, ft). Tho patient bad no symptoms nfter his return 
boma Tho complete disappearance of tbo cough was particularly gratifying, inasmuch as it 
had been suspected that an irreversible broncliiectasia might have developed as a result of 
the prolonged pneumonitis. Beporta from tho parents at intervals during the eight months 
which have olapsed ainco operation sfnto that tho patient continues to have no symptoms. 



Flff. 4.— A, Roentgenogram twelve days after closure of trucheoesophagoal fistula- B. 
Lotulderablo clearing of the bilateral pneumonitis U evident fl\e woek* after operation. 
ICourtesy of Dr. J. Cush King - , Memphis. Tcnn.j 



Pig. 5.—Photograph of patient five month* after operation. 
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DISCUSSION 


The large majority of congenital esophageal malformations consist of an 
atresia which is usually associated with the fistulous communication between, the 
trachea and lower esophageal segment. Less often an atresia of the esophagus 
with varying degrees of agenesis of the lower esophageal segment and without 
a tracheoesophageal fistula is seen'. During the past twelve yearn, sixty-three 
infants with atresia of the esophagus have been observed at the University of 
Michigan Hospitals In contradistinction to the frequency of esophageal atresia, 
only two patients have been seen with congenital tracheoesophageal fistula in the 
presence of an otherwise normal esophagus. One of these patients has been re¬ 
ferred to in previous publications 2 ’ 3 and has been illustrated by Patten. 4 The 
other case is the subject of the present report. The incidence of tracheoesophageal 
fistula as a single entity, as contrasted with the incidence of esophageal atresia, 
in the cases seen personally to date is approximately 3.0 per cent. 


Evidence of the rarity of congenital tracheoesophageal fistula without other 
abnormalities of the esophagus is substantiated by a review of the literature, al¬ 
though discrepancies are to be found in the earlier reports of this anomaly. 
Cautley 3 in 1917 referred to six instances of tracheoesophageal fistula without 
other esophageal abnormalities in the eases of congenital anomalies of the 
esophagus reported previous to that date. Two-years later, Plass 0 was able to 
find only one case of congenital tracheoesophageal fistula in 136 reported cases of 
malformations of the esophagus. Cautley and Plass agree in their citation of 
the case reported by Lamb 7 in 1873 that it was a case of congenital tracheoeso¬ 
phageal fistula. It has likewise been possible for me to verify the authenticity of 
this case, which appears to have been the first case of congenital tracheo¬ 
esophageal fistula unassociated with other abnormalities of the trachea oi 
esophagus to be reported in North America. The case of Eppinger's, 8 men¬ 
tioned by Cautley as a - congenital tracheoesophageal fistula and not included m 
the cases collected by Plass, has been found to be a congenital tracheoesophagea 
fistula situated just above the bifurcation of the trachea. The esophagus showed 
no other abnormality. Another case included by Cautley as a case of congenita 
tracheoesophageal fistula, but mentioned by Plass as a case of congenital atresia 
of the esophagus with tracheoesophageal fistula, is one described by Vroli • 
Eppinger described this case as having a narrow but passable area in the upp e 
esophagus and a tracheoesophageal fistula above the stenosis. The case desen e 
independently by Pinard 10 and by Tarnier 11 was mentioned by . Cautley as a 
case of congenital tracheoesophageal fistula and by Plass as a case of congeni ^ 
atresia of the esophagus. On 'consulting the original references this case 
been found to have had a high tracheoesophageal fistula situated immediate y 
low the glottis. The esophagus was otherwise normal. Richter s 12 case, inc u ^ 
as a case of congenital tracheoesophageal fistula by Cautley, is mentione ^ 
Plass as being a peculiar abnormality whereby the trachea and esophagus oin^ 
a single sac. I have not been able to locate the original descriptions of t 13 ^ 
and the one of Von der Water’s 13 which is mentioned by Cautley as a tiac 
esophageal fistula and is not included in the eases collected by Plass. 
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More recent reports of congenital tracheoesophageal fistula are described 
by Imperutorl 1 and by Gengcnbnch and Dobos 11 (two verified eases and one pre¬ 
sumptive ease), and additional eases arc mentioned by Leveu and Lannin 10 (two 
eases), Shaw" 1 (one case), and Barkley 17 (one ease). The patient operated on 
by Imiwrntori was the only one for whom operation hus been undertaken to 
correct the anomuly. In view of the fact that approximately 500 cases of con¬ 
genital utresia of the esophagus have been reported to date, it is apparent that 
the incidence of congenital tracheoesophageal fistula us a sole entity is rare. 

• Tho symptoms of congenital trnehcoesophugenl fistula unassociated with 
other anomalies of the esophagus consist of choking and coughing coincident 
with tho ingestion of feedings and particularly with the ingestion of liquids. 
In the case described in this urtiele, the symptoms occurred especially during 
the ingestion of water. This finding was also observed by Clcrf, Cooley, and 
O’Keefe'" in an adult with un acquired exophngobronehial fistula. Theso symp¬ 
toms occurring in relation to feedings api>enr to vary inversely with the 
viscosity of the feedings. Similar symptoms, often associated with cyanosis and 
ut times respiratory arrest, may occur after a variable interval following feed¬ 
ings. Such symptoms are usually the result of regurgitation of feedings and 
their sudden entrance into the tracheobronchial tree in large amounts. Tho 
delayed symptoms following meals nre more likely to occur if the infant is in a 
prone positiou, inasmuch us this position causes the fistulu to he dependent in 
its relation to tho esophagus and thereby facilitates the entrance of esophageal 
contents into the trachea. A chronic wet congh and fever occur as a result of a 
pneumonitis which develops sooner or lutor because of the repeated aspiration 
of foreign material into the tracheobronchial tree. 

In newborn infunts the symptoms of congenital tracheoesophageal fistula 
are not unlike those resulting from a faulty neuromuscular coordinatioh of the 
act of deglutition. In both these conditions the infant can swallow a normal 
amount of the feeding providing the symptoms are not too severe. It is im¬ 
portant, therefore, that these two conditions he differentiated from each other 
by appropriate examinations to determine the presence or absence of a fistula. 
If the symptoms of congenital tracheoesophageal fistula are severe, they may 
simulate tho more common anomaly of congenital atresia of the esophagus with 
tracheoesophageal fistula. Tho diagnosis of esophageal atresia can bo readily 
ascertained by the detection of the atresia on roentgen examination of tho 
esophagus with the aid of a catheter or iodized oil, or tho absence of an atresiu 
eau bo determined by the ability to pass a catheter into the stomach. 

Leven and Lannin have remarked that the symptoms of congenital tracheo¬ 
esophageal fistula may be inconstant because of the small size of the fistulous 
track and that the diagnosis may be difficult to establish before autojisy. Unlike 
esophageal atresia with tracheoesophageal fistula, the symptoms of congenital 
tracheoesophageal fistula may not be of sufficient severity, to prompt un early 
diagnosis. As the infants may be able to maintain their nutrition, the condition 
may continue to remain unrecognized and untreated, masquerading under tho 
impression of an acute recurring pneumonitis or a faulty mechanism of degluti- 
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tion. Iii the patients with congenital tracheoesophageal fistula who have sur¬ 
vived more than a few days, a recurring pneumonitis has been the reason for 
the frequent periods of hospitalization. 

The length of life has varied considerably in the patients for whom operation 
has not been done. The shortest survival was the case described by Pinard and 
Tarnier in which death occurred thirty-six hours after birth and followed the 
operative repair of an imperforate anus. One of the patients described by 
Gengenbaeh and Dobos lived four day's. Barkley’s and Shaw’s patients died at 
the age of 5 and 13 days, respectively'. Lamb’s patient was 7 weeks of age at 
the time of death. The first patient seen in the University of Michigan Hospital 
died at the age of 3 months. Another of the patients described by Gengenbaeh 
and Dobos was 2 y'ears old at the time of their report and a third patient of 
theirs, in whom the diagnosis was suspected but not definitely' established, was 
8 months of age ivlien reported. Eppinger’s case was that of a “young man” 
whose age at the time of death was not specified. The two' patients for whom 
operation was done were 4 years of age (the ease reported in this article) and 
6% years of age (Imperatori’s ease) at the time of their respective operations. 



-SUPINE 


PRONE 


Fig. 0.—The roentgen diagnosis of congenital tracheoesophageal ’h’cfnla °(o be 

apparent if the patient is in the supine position. The prone position causes the nsnua. ^ 
dependent in its relation to the esophagus, thereby allowing the iodized oi 
trachea by gravitation. 


The diagnosis of tracheoesophageal fistula without esophageal atiesia as 
been difficult to establish in the cases reported to date. This has been time even 
when the anomaly has been suspected. The diagnosis should he readily evi en, 
however, if certain precautions are observed in the roentgenologic examination 
or if endoscopic examination of the trachea or esophagus or both is performe . 
In the first patient seen in the University' of Michigan Hospital, fluoroscopic 
and roentgenographic examinations of the esophagus were carried out on 
successive days because of the suspicion of tracheoesophageal fistula an 
inability to confirm the diagnosis at the first examination. These examina n>'^ 
were made with the patient in the supine position in which the fistula was n 
dependent in its relation to the trachea. On both examinations there " as ^ 
■ evidence of entrance of the iodized oil into the trachea. In view of these 
tive examinations, endoscopic examination was not done, and the diagnosis 
not made until the .post-mortem examination, when it was obvious 1 ^ 

.fistula should have been detected had the fluoroscopic examinations ee ^j na , 
. with the infant in a prone position. The importance of roentgenologic ex! J^ (Tea j 
tion with the patient in the prone position in cases of suspected tracheoesop 
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fistula, either of the uncomplicated congenital type or of the acquired type 
secondary to a repair of a congenital atresia of the esophagus ivith tracheo¬ 
esophageal fistula, has been stressed by Ilolt, Haight, and Hodges. 

A suggestive but not diagnostic roentgenologic sign in infants with tracheo¬ 
esophageal fistula but without esophageal atresia is the presence of an unusually 
large umoiuit of air in the stomach or intestines. This finding was noted by 
Lamb, who mentioned that the most prominent symptom in his case was 
“tlatulence which wus abundant and very painful.’’ Although the presenco of 
a large amount of air in the stomach is entirely physiologic in newborn infants, 
the amount of air oliserved in our til's! patient with tracheoesophageal fistula 
alone was greater than in any of the patients with esophngeul atresia associated 
with a tracheoesophageal fistula.'’ In several patients who have undergone 
repair of an esophageal atresia with a tracheoesophageal fistula, the appear¬ 
ance of gastric dilatation has been observed coincident with the development 
of a recurrent tracheoesophageal fistula. The gastric dilatation becomes 
evident when the infant cries or strains, appearing to bo due to an incrcaso of 
intratracheal pressure in the presence of a closed glottis and the expulsion of 
air into the esophagus and stomach. It must bo assumed that there is simul¬ 
taneous closure of the ericophuryngeus muscle at the entrance of the esophagus 
during crying or straining, inasmuch as the air is forced downward into the 
stomach, rather than being expelled through the mouth. 

The diagnosis of congenital tracheoesophageal fistula has beeu made by 
endoscopic examination in two of the previously reported cases. In the patient 
dcserilied by Imperutori the diagnosis was established first by C. L. Jackson 
during bronchoseopic examination when the patient was 6 years, 5 montlis of 
age. Trachcoscopie and csophagoscopie examinations have been employed by 
Holingor to establish the diagnosis in one of the eases reported by Gengenbneh 
and Dobos. In cases with a suspected congenital tracheoesophageal fistula, moro 
frequent use of this diagnostic method should lie made. Should there be difficulty 
in identifying the fistula, the bronchoseopic examination should be repented 
after a preliminary swallow of a colored solution, such as methylene blue, ns 
suggested by Abbott 1 * 

A tracheoesophageal fistula of cougcuital origin should be corrected by 
appropriate measures as soon as the diagnosis has been made. The pneumonitis 
that is usually present is an urgent indication for, rather than a contraindication 
to, surgieul treatment This conclusion has been arrived at as a result of personal 
instances of recurrent tracheoesophageal fistula in the presence of a patent 
esophagus following the repair of a congeuitnl esophageal atresia with an as¬ 
sociated tracheoesophageal fistula. In one such patient who had lived to the 
ego of 26 months, operation had been deferred pending an improvement of tho 
pneumonitis. This did not occur and the patient died of the pulmonary com- 
plicatiou. In view of this experience, the surgical closure of the fistula in the 
case reported in this article was done in spite of the pneumonitis, inasmuch as it 
"as believed that the only satisfactory method to cure the pneumonitis was to 
eliminate its cause. 
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The successful closure of acquired fistulas between the esophagus and the 
trachea or bronchi in adults has been reported by several authors. Judd, Clagett, 
Havens, and Moersch 20 used a cervical incision for the closure of a high tracheo¬ 
esophageal fistula resulting from a bullet wound. Adams and Mabrey 81 em¬ 
ployed a transthoracic approach for a low tracheoesophageal fistula following 
a nonpenetrating crushing injury. Clagett, Payne, and Moersch 22 have reported 
the transthoracic closure of an acquired esophagobronehial fistula in an adult 
with calcified lymph nodes in the vicinity of the fistula. Gleri 2,1 and Clerf, 
Cooley, and O’Keefe 18 have successfully used heads of silver nitrate or sodium 
hydroxide crystals fused to a carrier and applied through an csophagoscope for 
the closure of esophagobronehial fistulas in adults. In the case reported in this 
article, operative correction was elected in preference to the use of a caustic 
because of the need for a prompt and definitive result in view of the existing 
pneumonitis and because of uncertainties regarding the satisfactory application 
of a caustic through a small esophagoscope. Although operative correction had 
been planned at the time of the endoscopic examinations, it was believed, further¬ 
more, that the size of the fistula as observed during tracheoscopy was so rela¬ 
tively large in comparison with the size of the trachea, that chemical closure of 
the fistula would have presented less chance of success than that obtained by 
operation. 

The surgical approach to intrathoraeic tracheoesophageal fistulas is readily 
possible by either an intrapleural or an extrapleural exposure of the anomaly. 
The extrapleural route was favored in the case presented in this article because 
of the possibility of postoperative leakage of the suture lines and the lessened 
chance of contamination of the pleural space should leakage occur. Simple 
ligation of the fistula in continuity was deemed inadvisable in view of the ease 
with which a ligature will cut through a fistula, re-establishing its patency 
This occurrence has been observed by Ladd 2 ' 1 and by Leven and Lannin 1,1 
patients with congenital esophageal atresia and tracheoesophageal fistula for 
whom ligation of the fistnla was done. Division of the fistula between ligatuies 
was considered inadvisable for the same reason. The preferable method was 
helieved to be a transection of the fistula and closure of the* openings "d 
sutures. 

The important technical factors in the transection and closure of a tracheo¬ 
esophageal fistula are the use of suture material of fine size, the preservation o 
a cuff of ample length on the tracheal side of the fistula, and the use of a pe 1C J 
flap of tissue which supports the tracheal closure and serves as a barriei 
the closed fistulas. The suture material of preference is fine arterial S1 " 
atraumatic needles. Because of the rigidity of the tracheal wall, closure o ^ 
opening into the trachea is more difficult than closure of the esophageal °P enl “^ 
An intentionally long fistulous cuff should be left attached to the trachea 
of the fistula, if possible, to prevent tension upon the suture line. This was ^ 
eomplished in the ease reported in this article by dividing the fistula close o 
esophageal end. Even so, the length of the cuff permitted the insertion o ^ 
a single layer of sutures. In this ease, it would have been preferable to 
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divided the fistula flush with the esophagus so that the tracheal cuff would be of 
maximal length. Should the tracheal nnd the esophageal walls lw in intimate 
contact above and below the fistula, ns was detenuined at autopsy in the first 
patient seen in this hospital and for whom operation was not undertaken, a cuff 
could lie fashioned by a circular incision through the esoplingeal wall adjacent 
to the fistula, thus leaving this portion of the esophageul wall attached to the 
trachea. The closure of this cuff should facilitate the closure of the traeheul 
opening without tension; tile ample size of the remaining esophageul lumen and 
its ready distensibility should not cause sufficient narrowing to produce symp¬ 
toms. The esophageal closure is readily accomplished because of the laxity of the 
esopbugeal wall, the ense with which the mucosa cun he inverted, and the avail¬ 
ability of the lnuscularis ns u second layer of closure. A pedicle flap of mediasti¬ 
nal fat nnd areolar tissue is advantageous in buttressing the tracheal closure'. 
Without tho uso of a pedicle flap, the closed fistulas remain in proximity to each 
other und should leakage of one occur, there is considerable likelihood of opening 
of the other with a resulting recurrence of the tracheoesophageal fistula. Drain- 
Age of tho extrapleural wound is considered advisable in view of potential con¬ 
tamination, inasmuch us an aseptic method of closure is not attempted. 


HUM MAH Y 

Congenital tracheoesophageal fistula without on associated atresia of the 
esophagus is of rare occurrence, having been olworved in approximately 3 per 
rent of u series of sixty-five cases of anomalies of the esophagus observed at tho 
University of Michigan Hospital. The diagnosis may not be apparent on 
roentgen examination with a contrast medium, unless the examination is carried 
out with the patient in a prono position. Tracheoscopy, csophagoseopy, or lioth 
should he used in eases in which the anomaly is suspected. Because of its rarity 
and past difficulties in establishing the diagnosis, ojierativu correction has liecn 
employed in only one previously reporled patient. The case of a 4-year-old 
child for whom the fistula was transected und the tracheal and esophageal open¬ 
ings were closed by suture is presented. 
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SPONTANEOUS RUPTURE OF THE ESOPHAGUS 

Thomas J. ICinsella, M.D., Russell W. Mouse, M.D. (by invitation), and 
Ambrose J. Hertzoq, M.D. (by invitation) 

Minneapolis, Minn. 

P ERFORATION o£ Die esophagus for any reason or at any levol is always a 
grave lesion and ono Avhieli potentially, at least, is vory dangerous to life. 
So universally pessimistic lias the outlook been that even ns lato as 1939 Wagner 11 
was quoted for the following statement: “This tragic fate (death from esoplin- 
geal perforation) can almost never lie averted by surgical intervention, even if 
the surgery is carried out by the most skillful surgeon.’’ Little difficulty is 
ordinarily encountered in making the diagnosis of perforation of the esophagus 
from foreign body or following instrumentation because of the antecedent his¬ 
tory, while modem experience has amply demonstrated that prompt surgical 
intervention 03 plus chemotherapy and proper handling may save the lives of the 
majority of these unfortunates. 

■Spontaneous rupture or perforation of the esophagus is more dramatic in 
its onset and considerably more tragic in its outcome than the smaller perfora¬ 
tions, because of tho size of the opening, the widespread contamination, the shock, 
pulmonary collapse, emphysema, and tension pneumothorax which follow it. It 
is all the more lethal because the origin of the difficulty is almost never suspected 
as there is usually nothing to suggest an esophageal lesion, and the patient is 
frequently in such desperate condition as to be unable to tolerate any surgicnl 
procedure even if recommended. 

The clinical picture of spontaneous rupture of the esophagus is one which is 
not generally recognized. The majority of the cases thus far reported in the 
literature, now more than fifty, have not been diagnosed before death, and in 
many instances not even suspected before the post-mortem examination, yet tho 
clinical picture is so characteristic tliat in at least two instances (Wangensteen'*) 
and our Case 5 (T. J. IC) tho correct diagnosis has been made over the telephone. 
Since tho first classical description of tho condition, by Boerhaave" published in 
1724, the case of Baron do Wassenaer, Grand Admiral of Holland, there have 
beeu a number of isolated reports of tho occurrence of this condition. Excellent 
collective reviews have been made by Fits" in 1877, McKenzie 4 * in 1884, Walker'* 
in 1914, Smead M in 1931, Girard 1 * in 1934, Ridgway and Duncan' 1 in 1937, 
Torrncol and associates" in 1938, and in the excellent articles by Barrett* in 
March of 1946, and Eliasou and Welty” in August, 1946, to which the reader is 
referred. Since that time additional cases have been-reported by Foggitt,” 
Cummings, 1 ’ Culver and Clark, 13 and an additional case by Barrett,* to which 
we can add flvo cases which have come under our observation, 

Tho clinicnL picturo in spontaneous rupture of the esophagus may vaiy 
slightly, but seems to follow rather characteristic lines. An apparently healthy 

Read (by title)'at the Twenty-seventh Annual ileetlne of the American Association for 
unorncio Surgery, St. Louis, Mo., May 2S, 20, and 30. 1047. 
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individual (males 84 per cent), frequently robust, and a notoriously heavy eater, 
often addicted to the use of alcoholics, suddenly begins to vomit, spontaneous 
or induced, sometime after eating a large meal, and suddenly develops excruciat¬ 
ing pain, usually described as epigastric, extending through the left side of the 
chest to the back, followed by collapse and shock, and soon by dyspnea and 
cyanosis. The vomiting may continue but usually ceases and the patient develops 
marked thirst. Frequently emphysema (60 per cent) of the tissues at tlieha.se 
of the neck appears early though it may be somewhat delayed. The pain is 
intense, persistent, and does not respond to large doses of morphine. Occasionally 
there is no history of a preceding large meal, the vomiting occurring because of 
a neurogenic lesion, postoperative nausea, or some other condition. Sometimes 
there is no true vomiting, merely severe and repeated retching or rarely still 
there is no vomiting or retching whatsoever, perforation occurring apparently 
as a primary condition" 1 as in Case 5. The material ejected during vomiting or 
retching may he food or dark brown “coffee-ground” material, occasionally,as¬ 
sociated with a small amount of blood and more rarely with free bleeding. A 
few of the patients present a history of previous ulcer of the stomach or duo¬ 
denum 20 as Cases 1, 3, and 4; a small number have a history of mild dysphagia 
and substernal distress suggestive of esophagitis or esophageal ulcer, while four 
cases, 50, G6, 71, 77, have presented a previous history of esophageal stricture, 
with impaction of a bolus of food at the stricture site, the perforation occurring 
during a strenuous attempt to force the food past the narrowed area. 

When first seen the patient is usually weak and pale, though he may he 
cyanotic. He is usually suffering severely, is bathed in cold perspiration, and 
frequently is unable to lie down. Respiration is rapid and labored, the pulse 
fast and weak, the temperature subnormal, and the blood pressure low. Em¬ 
physema may he present at the base of the neck, hut may not develop until 
sometime afterward. There is frequently rigidity of the upper abdomen but not 
of the lower, but no tenderness or rebound tenderness. 

Physical examination of the chest may be reported as negative, but fre¬ 
quently the findings of a pneumothorax with fluid on one or both sides, more 
frequently the left, may lie elicited, increasing as the time following perforation 
increases. Almost invariably present, but frequently overlooked because only 
the anterior part of the chest is examined, or because the examination is not 
carried out in the erect position, because of the patient’s serious illness, is a 
fluid level which may' be percussed out or the suceussion splash demonstrated by 
shaking the patient. Displacement of the heart and mediastinal structures, 
distant heart tones, and loss of substernal dullness as evidence of tension pneu¬ 
mothorax are frequently overlooked or unrecognized. The deviations of t ,L 
trachea normally evideht to palpation in the suprasternal notch may be olisciue 
by the subcutaneous emphysema. 

The differential diagnosis must include perforated peptic ulcer of stomach 
or duodenum, acute pancreatitis, mesenteric thrombosis, dissecting aneurysm 
the aorta, coronary thrombosis, and perhaps pulmonary embolism and-spon 
taneous pneumothorax from other sources. The diagnosis is most fiequen 
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missed because the physician Is unfumiliar with the condition and gives no 
thought to the possibilities of such a catastrophe. Meyer 30 in 1858 is credited 
with having made tho first clinical diagnosis of the condition. Since that time 
apparently less than 25 per cent of the cases have been correctly diagnosed before 
death' 1 ' 3 ' •• 1 "' ,l ' ”• M ' ,3 ' 11 and three of ours, Cases 3, 1, and 5. 

Tho most frequent misdiagnosis encountered in the reported cases has been 
that of ruptured iteptic ulcer which has been made many times and at least 
thirteen exploratory laparotomies curried out. 1 - *■ ”• 33 ' * 3 - ”• oa ’ ” includ¬ 

ing our Case 1. Mediastinal emphysema presenting in the cervical region baa 
been present in moro than CO per cent of the reported eases and cannot be 
produced by any of the other conditions listed in the differential diagnosis except 
possibly primary spontaneous pneumothorax, and occurs hut rarely in that. 
The presence' of liydropneumothorax. either unilateral, usually the left, or 
bilateral,*' *• ’*• 3 “i **• M ' ** bus occurred in all hut seven of the reported 
cases, 1 ' 1UJ *' * 3 ' M und cannot he produced by any of the conditions mentioned in 
the differential diagnosis except primary spontaneous pneumothorax, and should 
givo a clue us to the exact condition. Pain, collapse, vomiting, hydropneumo¬ 
thorax, and emphysema should permit a diagnosis on historical and physical 
grounds alone if the clinician is cognizant of the occurrence of such a condition. 

Several laboratory aids may establish or confirm the diagnosis and of these 
the x-ray examination is of greatest value. The earliest finding on x-ray films, 
probably present in all eases from the onset, if recognized, is the presence of 
emphysema in the mediastinum, localized at first, later more extensive, involving 
tho whole mediastinum, and eventually fanning out as subcutaneous emphysema 
in the cervical region. The second important finding is the demonstration of a 
fluid level in the mediastinum; the third, the finding of a pneumothorax on ono 
or Infill sides, most frequently on the left; and fourth, the demonstration of a 
fluid lovel within this pneumothorax pocket. A demonstration of the second and 
fourth of these findings, of course, requires that the films he made with the 
patient in proper position, usually erect so that the fluid level may he demon¬ 
strated. A fifth x-ray finding of negative diagnostic importance is, of course, 
the absence of subphrenic air or gas indicative of perforation of a subphrenic 
hollow viscus. Tho absence of this finding, of course, does not rule out sub- 
diaphragmatic perforation as it is demonstrable in only 70 to 80 per cent of 
proved gastric and duodenal perforation. If further evidence of perforation of 
the esophagus is required it may be obtained by demonstration of orally admin¬ 
istered barium or iodized oil, in the mediastinum or in the adjacent plenral 
cavity. The iodized oil Ls easier to remove from the surgical field subsequently 
hut the risk of iodisni must he remembered. 

The aspiration and examination of fluid from tho pleural cavity may like¬ 
wise confirm the diagnosis, 3 ' ”■ 01 'as in Cases 3, 4, and 5. A fluid of sourish 
odor resembling vomitus offers conclusive proof. At times the odor of beer or 
other alcoholic beverage in the aspirated fluid may confirm its origin, os may 
the demonstration of food particles or acid, either free or combined. These are 
diagnostic only if one can he certain tliat tho needle has not been introduced into 
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the mediastinal tissues and the soft tissues of the neck with a left hydropneumothoras. A 
diagnosis of ruptured esophagus or of a herniated stomach was made by one of us (R. W. il.) 
from the x-ray findings. 

The patient was seen in surgical consultation at 10:30 p.ji. on Nov. 2S, 1944, at 
which time he was found in shock, was markedly cyanotic and dyspneic, and had a temper¬ 
ature of 102° F., and a pulse unobtainable at the wrist. There was subcutaneous emphysema 
of the tissues of the neck, and a left tension hydropneumothorax present with displacement 
of the heart and mediastinum to the right. A diagnosis of perforation of a hollow viscus 
into the left pleural cavity was made. A left pleural aspiration was carried out, and 700 
c.c. of gas, and 900 c.c. of dark thin fluid without odor was aspirated. This accorded the 
patient rather marked relief from respiratory distress, but the shock continued. The aspirated 
fluid in the laboratory' was found to be gastric contents with hydrochloric acid present. The 
hemoglobin at this time was 110 per cent, the hematocrit reading was 53 per cent red blood 
cells. The leucocyte count was 11,400 with 92 per cent polymorphonuclear leucocytes. The 
blood Rytz test was negative. Oxygen was administered. 

Supportive treatment was given with adequate intravenous fluids, transfusions, and 
penicillin both intramuscularly and directly into the left pleural cavity, in an attempt to 
improve his condition sufficiently' so that surgical exploration and closure of the esophageal 
rent could be carried out. Sodium sulfadiazine was also administered for twenty-four hours, 
but this was discontinued because of inadequate urinary' output, which could not be increased 
in spite of adequate fluid intake. A transnasal gastric suction tube was inserted and continuous 
siphonage applied to keep the stomach empty; oral fluids were withheld. A left intercostal 
catheter thoracostomy was performed, and siphonage established for continuous removal of 
fluid from the left pleural cavity and to favor re-expnnsion of the lung. Additional fluid 
aspirated from the left pleural cavity' showed a total acid of 55 degrees, without free hydro¬ 
chloric acid, and cultures of this material revealed Staphylococcus aureus. In spite of sup¬ 
portive measures, chemotherapy', adequate drainage through the left pleural cavity, and re¬ 
peated transfusions, the shocklike state persisted, and the urinary output remained extremely 
low (below 100 c.c. in twenty-four hours), the temperature mounted, and he died at 0:45 fai. 
on Nov. 30, 1944, without ever improving sufficiently to permit surgical intervention. 

Post-mortem examination by one of us (A. J. H.) was carried out at 9 A.st. on Dec. 1, 
1944, fourteen hour3 after death, and revealed the following pertinent findings: 

The peritoneal membranes were free and glistening. There were 50 c.c. of dark brownLh 
fluid present. The liver weighed 1,000 Gin. and was of a yellowish-brown mottled appearance. 
The heart weighed 350 Gm., the coronary' arteries were patent, but there was slight sclerosis 
present (grade 1 on the basis of 4) and with a few atheromatous plaques. The left pleu 
cavity contained about S00 c.c. of dark reddish-brown fluid and the pleural surfaces were 
covered with a yellowish exudate. The left lung was collapsed, hemorrhagic, weighed floO m-, 
and showed edema and atelectasis. The right pleural cavity contained 1,500 c.c. of ar ’ 
reddish fluid; the right lung weighed 700 Gm., and was bluish-gray' in color. There was 
decreased crepitation and complete atelectasis of all lobes. 

The esophagus showed a linear perforation 3.5 by' 1.2- cm. in the lower lateral po 
just above the diaphragm, extending directly to the left pleural cavity. The point o 
foration was covered with a large amount of bluish-gray material. The adjacent esop = 
mucosa showed numerous small linear superficial erosions. The edge of the perforntio ^ 
smooth and not indurated, and showed no gross evidence of carcinoma. The 
tained some dark brown material, yet the walls appeared to be normal. There was ^ 
tion at the pylorus which would admit only the tip of the small finger. There was a 
duodenal ulcer 1 cm. in diameter on the anterior wall of the first part of the <■ u0 ^ 
adjacent to the sphincter. On the posterior wall of the duodenum opposite the an ^ 
ulcer were two small ulcers about 1/-, cm. in diameter. The kidneys weighed 110 and 
respectively. The capsules stripped^with difficulty, and there were a number of deep •^ ^ 
the surface. The prostate was somewhat enlarged, grade 2, with one hemorrhagic area 
in diameter, but no evidence of malignancy'. 
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along tho loft sternal bonier. Cheat examination wus reported as negative. There was 
general abdominal rigidity and tenderness, but no rebound tenderness. Neurologic examina¬ 
tion revealed somo cervical and back rigidity, and a general paresis more marked in the 
legs with some spasm in the quadriceps and gastrocnemius muscles. The general reflexes 
were negative except for absent adbominal and cremusterir reflexes. Superficial pain sensa¬ 
tion was intact, but deep pain sensation was depressed. 

The 'hemoglobin was 92 per cent, the leueocyto count 13,450 with 84 per cent polymor¬ 
phonuclear loucitcytcs. The urine wus negative, except that it was very concentrated. 
The spinul fluid was clear und colorless, but contained 107 cells per cubic millimeter, of 
which 20 per cent weto neutrophiles, and 80 per cent mononuclear cells. The sugar con¬ 
tent wo* 85 mg. per cent, and tlio protein 37 mg. per cent. 

A clinical diagnosis of acute nntcrior poliomyelitis wn* made. Chest and body packs 
were ordered, and oxygon was given for dyspnea ns the respiratory distress increased. 
The clinical course was increasingly downhill, and respiratory distress increased to the 
point where a respirator was necessary. lie gradually lapsed into coma and diod at 4:15 
JUi. on Oet. 23, 1943. At no time were there any cllnicul findings to suggest esophageal 
perforation, although this patient was desperately ill, irrational, and later comatose. The 
difficulty in' breathing was considered to be on the basis of poliomyelitis. No subcutane¬ 
ous emphysema was noted at any time. 

Post-mortem examination 2*4 hours ufter death revealed a slitlike perforation in the 
middle third of the esophagus, opening directly into the left pleural cuvity. The left 
pleural cavity contained 500 c.c. of gastric contents containing blood. There were no 
adliesiona present. The left lung weighed 200 Out., and was grossly negative. The right 
lung and pleural cavity were negative. In the fundus of the stomach, the mucous mem¬ 
brane was definitely eroded, and there were several large areas of superficial ulceration 
about 4 by 4 cm. in diameter covered with a gelatinous mucoid coating. Microscopically 
the stomach showod only a post-mortem degeneration, with no pre-mortem disease. The 
esophagus upon microscopic section showed epithelial ulceration, with rabepitheliol neu¬ 
trophilic infiltration. Thera were definite post-mortem changes present There was no 
inflammatory reaction in the external layers of the esophagus. An acute superficial esoph¬ 
agitis was present. Microscopic sections of the brain revealed areas of perivascular neu¬ 
trophilic and mononuclear Infiltration, with multiple miliary foci in the gray area. Final 
diagnosis was acute poliomyelitis, ucuto superficial esopliagltis. It was the pathologist’s 
opinion at the time of tho autopsy that the perforation was a post-mortem lesion, but the 
evidence at hand does not fully confirm Ids. The post-mortem examination was conducted 
2*4 houri after deatlu The perforation was slitlike, in the middle third of the esophagus, 
uad tho pleural cavity contained gastric contents and blood. These are not the findings 
of the typical post-mortem digestion perforation. 

Case 3.—AV. G., a 70-yenr-old nmn, was admitted to 8t. Barnabas Hospital at 8:15 
on Nov. 27, 1044, and presented the following history: General health appar¬ 
ently had been quite good until March of 1943 when ho developed symptoms suggestive of 
duodenal ulcer, and Imd beeu placed on medical management with benefit. He was then 
apparently relatively symptom-free until Nov. 13, 1044, when ho developed nausea, vomlt- 
*°g, and loss of appetite. He returned to the nicer regimen, tho symptoms subsided, and 
though rest was advisod, lie insisted upon going back to work. Two weeks later on Nov.- 
27, 1644, at 0 p^r. he developed a sudden severe attack of alwlominal pain, mostly in the 
epigastric region, with difficulty in brentldng, and become so ill that he was removed to 
tk« hospital fry ambulance, arriving two hoars ufter the onset of the attack. 

Upon admission, temperature was 08.0*F V pulse 132, respiration 40, blood pressure 
90 over 50 mm. of mercury. He was complaining of very severe epigastric pain, was 
definitely in shock, with profuse perspiration, and was evidently critically ill. There was 
definite epigastric tenderness without rigidity nnd dullness to percussion in the left lower 
of the chest. X-ray films of the abdomen with Iho patient in an erect position 
•towed no free go* under the diaphragm. X-ray films of the chest revealed emphysema of 
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By the next day his general condition had deteriorated considerably. He was very 
weak and cyanotic, his blood pressure had dropped to 80 over 05 mm. of mercury, and there 
was increased dyspnea. A left thoracentesis was performed and 1,870 c.c. of thin brownish 
fluid without foul odor were removed. Examination of this fluid showed 217,000 cells per 
cubic millimeter, of which 93 per cent were polymorphonuclear leucocytes, and 78,000 red 
blood cells. Cultures of the fluid revealed a pneumococcus type IV. Sulfadiazine and 
penicillin were instilled into tho pleural cavity following the aspiration. Abdominal para¬ 
centesis revealed only an occasional polymorphonuclear leucocyte but no bacteria present. 
Following the aspiration and intravenous administration of fluids and blood, the condition 
improved slightly and color became better under oxygen therapy. On February 5, an 
additional left thoracentesis was performed, and 1,000 c.c. of brownish fluid were aspirated. 

The patient was seen in surgical consultation on Feb. 15, 1945, and an intercostal 
catheter thoracostomy was carried out to relieve the increasing left tension hydropneumothorai. 
Perforation of the esophagus into the left pleural cavity was recognized at that time 
(T. J. K.), but it was quite evident that the patient was in no condition for any major 
surgical therapy. The fluid removed from the chest showed a pH of 5.5 and was negative 
for fats, urobilin, and urobilinogen. The hemoglobin upon admission was S3 per cent, the 
leucocyte count was 18,300, with SI per cent polymorphonuclear leucocytes. Electro¬ 
cardiographic studies showed a sinus tachycardia, an apparent left axis deviation, and marked 
low voltage on all leads which was interpreted as indicative of severe myocardial damage. 

The diagnosis of perforation of the esophagus into the left pleural cavity was readily 
confirmed by administering a small amount of grape juice by mouth, nnd promptly recover¬ 
ing the same material in the fluid removed by catheter from the left pleural cavity. The 
clinical course wa 3 slowly and progressively downhill from the onset. The temperature varied 
from 100 to 104° F. per rectum, and on Feb. 15, 1945, the patient nnd his family, realizing 
fully the gravity of the situation, decided to move him to Rochester to the Mayo Clinic where 


he died within two hours of arrival. 

Post-mortem examination performed there* reveuled a clean, slitlike perforation of the 
lower esophagus, directly to the left pleural cavity, with little associated mediastinitis. There 
was no gross evidence of previous esophageal ulceration. There was also a locally perforating 
duodenal ulcer with hemorrhage, and a very' localized associated peritonitis. Although a 
diagnosis of perforation of the esophagus of the left pleural cavity was made early in t us 
patient, at no time could surgical intervention be seriously considered because of ago, senility, 
desperate physical condition, and the apparent duration of the process before admission. 
Survival was unusually long for a patient presenting this serious condition, and probably wa 
due primarily to the fact that the perforation occurred directly to the left pleural cavity. 
little mediastinal infection and to a lesser degree to adequate pleural drainage. From 
standpoint of the local findings alone, surgical repair would have been quite simple. 


Case 5.—W. F. C., a white man, aged 67 years, was admitted to the Minneapolis Genera 
Hospital at 4:40 p.n. on Feb. 19, 1946, in shock with marked. dyspnea and extensive su 
cutaneous emphysema of the chest and neck. The following history was obtained: 10r 

after noon of the same day while walking down the street on the way to lunch, lie su en^y 
developed very severe epigastric pain, pain in the left side of the chest, and imme m e 
collapsed. There was no vomiting. He was taken to his home by taxicab where his aniL 
reported that he soon developed marked difficulty in breathing and increased swefiing 0 ^ 

neck and face. A local physician was called, who tentatively diagnosed the condition as 

• 1 nf fjMj pUlU) 

block and gave an intravenous injection which relieved the pain somewaat. r 

dyspnea, and swelling gradually increased until the patient was brought to the hospi a 


or two hours later. . .j e 

Past history was negative except for a right parietal skull fracture in 1941. 
reported that he had some gas and difficulty with meals for a couple of years, occurring ^ 
week or so, but that he obtained definite soda relief. An x-ray study of the ga8tr0,I j l J^ 11 n0 
tract a few months before, however, had been reported as negative. There had 


•Reported through the courtesy of Dr. H. J. Jloerscli. 
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Microscopically, kidneys fallowed no findings to Recount for tho oliguria. Microscopic 
sections of the csophngus in the region of tho perforation allowed tin acute ulceration, with 
suggestion of superficial erosion of the epithelium. The borders were covered with acute 
fibrinous exudate. Tho entiro esophageal wall in the region of the perforation showed the 
microscopic picture of nn acute inllaummtory exudate. There was no malignancy present, and 
no areas of ectopic gastric mucofao. 


COMMENT 

This patient’s oliguria was undoubtedly related to the persistently low blood 
pressure. In light of our present knowledge and experience, he should have 
l>cen operated upon without delay. The falacy of postponing surgical explora¬ 
tion until the condition could be improved is well emphasized by tho final result. 

Case 4.—A. A., a 74-year-old man, wih admitted to Minneapolis Genprnl Hospital on 
Fdi, 3, 1943, complaining of revere epigastric jwrin, vomiting of blood, inability to swallow 
•olid foods, and a fifty pound weight loss. He gave a history of epigastric distress coming 
two to threo hours after meals for the past ten years, and had been studied at the Mayo 
Clinic sonio five years bofore, where diagnosis of chronic duodenal ulcer was mado, and 
appropriate medical measures recommended. lie was seen again at the Mayo Clinic in April, 

1943, where again a chronic duodenul ulcer with a laige crater and some evidence of obstruc¬ 
tion was found. lie was hospitalized and tin* ulcer fronted medically with satisfactory 
improvement. 

He returned again to the Clinic in duly, 1914. with symptoms similar to thaso previously 
described, plus the complaint of a great deul of pain in the loft lower portion of the chest, 
aggravated upon deep breathing and by motion of tho loft arm. Findings with x-ray views 
of the chest were negative at that time except for somo elevation of the left diaphragm and 
same tortuosity of the aorta. An x-iny of the stomach and duodenum at that time revealed 
a duodennl ulcor with a small crater. Because of the pain in the lower part of the chest 
and borne history of dysphagia an esophagaseopic examination was performed, but nothing 
abnormal was found. On nn ulcer diet, lie was relieved of the symptoms. In December, 

1944, he again returned to tho Mayo Cliuic bceunso of some difficulty in swallowing, but it 

tho impression that at that time the symptoms were functional in nature. Esophageal 

sounds up to No. 11 French wore poised without onconntcring any evidence of obstruction. 

On Jan. 20, 1043, two weeks lx*fore admission to tho Minneapolis General Hospital, 
he had been vomiting considerably during the day, a dnrk coffee-ground material containing 
»omo fresh blood. That evening while lying in bed, he was soiled with a sudden very severe 
epigastric pain which doubled him up. After a time tho pain lessened somewhat, bat per¬ 
sisted in a moderately severe form until ndmireion to the hospital, where he frequently vomited 
coffee-ground material containing some bright blood and passed black tarry stools. Ho had 
hecn vomiting four or five times daily for tlu* two weeks prior to ad m ission, was very weak 
■nd lethargic, and complained considerably of shortness of breath. There was an indefinite 
history of dysphagia for solid foods for several months, a history of some dyspnea on 
exertion for two or three years, with occasionally swelling of tho lower extremities. 

Physical examination upon admission, Feb. 3, 1945, revealed a somewhat aonile man, 
^ery ill, with evidence of recent extensive weight lose. The pulse wns 120 and of poor 
polity, blood pressure was 100 over G4 mm. of mercury, nnd rectal temperature was 101° F. 
He was very pale nnd lethargic. There wns no emphysema of the neck or chest. Examina¬ 
tion of the heart and lungB was reported ns negative. There was modernto abdominal 
rigidity of the upper half of the abdoiueu, but no pain or tenderness, and but slight rebound 
tenderness In the upper ubdomimd region. A tentative diagnosis of chronic peptic ulcer 
with hemorrhage was made but the pofaafbllitieH of carcinoma of the stomach and perforated 
peptic ulcor were considered. A bedsido roentgenogram of the chost, not in erect position, 
showed an increased density in tho left lower part of tho chest suggestivo of fluid without a 
fioid level and a localised accumulation of gas in this region. 
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previous food dyscrusia or dysphagia. IIo hnd lx?en in tin* habit of using mineral oil and, 
lamtivwj for dome time. There was slight nocturia one to two times per night fur five to 
fix years. There bad liecu an indefinite history of some pleurisy-like pain in the left side 
off and on for some time. 

Upon admission, ho was suffering from marked respiratory distress, and was rational 
but could talk very little because of dyspnea. The akin was warm and dry, and there was 
marked subcutaneous emphysema of the neck, left side of the chest, and axilla. The trachea 
was deviated to the right. The neck veins were uot distended. Blood pressure wits 80/42, the 
poise HO, regular but fast, and very weak. The inspiratory rate wits 40 per minute. Chest 
examination showed the right lung dear. The left wide of the chest was hyperresonant 
throughout, with an absence of breath sounds. The heart wjuruls were faint, rapid, and 
regular. Tho abdomen showed no tenderness, rigidity, or mosses. The diagnosis upon ad¬ 
mission was spontaneous pneumothorax on tlie left, cause undetermined. X-ruy view of the 
chest revealed a left hydropneumothornx with sulx-ulnneous emphysema, more marked on the 
left aide. 

The diagnosis of spontaneous perforation of the esophagus was made by one of us 
(T. J. K.) daring telephone eonvonmtion with a nurgicnl resident at this time, with a recom¬ 
mendation for surgical repair made ns soon ns the patient could adequately be treated for 
*b«k and prepared for surgery, A small amount of barium given by mouth appeared promptly 
In the left pleural envity on x-ray films. Intravenous fluids, penicillin, sodium sulfadimine, 
and blood were administered to the putient in preparation foi surgery. The hemoglobin was 
05 per cent, the leucocyte count 7,000 per cubic millimeter, with 98 per cent polymorphonuclear 
leucocytes, and only 2 per cent lymphocytes. The urine showed specific gravity of 1.033, 
albumin 3 plus, a fulut trace of sugar, and 3 to 4 red blood pellr, und 4 to tl leucocytes per 
high-power field in tho sediment. Fluid aspirated from the thoracic cuvity was of an odor 
^REestlve of stomach contents, showed yeast and gram-positive cocci in chains on stueur, and 
a nonhemolytic streptococcus on culture. Electrocardiographic studies revealed a sJnus tnrhr- 
cirdia with elevation of tbo ST in Deads II and Til suggesting myocardial damage. 

Surgical exploration was carried out at 10:30 p.u., approximately 8% hours after the 
<ra*:t of Hie trouble, under intratracheal cyclopropane anesthesia, after the lm*ertion of a 
nasal suction tul>e Into tho esophagus and tho stomach. Tho chest was opened through a 
posterolateral incision with resection of a wide segment of the ninth posterior rib. Upon 
opening the pleural cavity, more than 1 liter of fluid and food was encountered with numerous 
P^, beans, pickles, and other undigested food remnants easily recognizable. This represented 
food taken twenty hours prior to the onset of the sudden attack. All solid food material was 
removed from tho pleural cavity, which wqb then thoroughly irrigated with a large amount of 
sterile water until all foreign material had been removed. The barium which had previously 
^*en given by mouth could be observed us a thin whito coating on the pleura. This was re¬ 
moved a* thoroughly os possible. Exploration revealed a 9 cm. rent in the left pleura, overlying 
the esophngus, nnd a 4 cm. long perforation on tho left posterolateral wall of the esophagus 
just above Jhe cunlinc end of the stomach. The mucosa of the esophagus was protruding 
through this rent Direct examination revealed no ovidence of chronic ulceration or neoplasm 
In this area. A finger inserted into the esophageal perforation immediately entered tho 
•tomach, and through tliis opening nil contents of tho stomach were removed. There was no 
evidence of scarring or ulceration in the stomach tliut could be demonstrated through this 
exposure. 

The rent in the esophagus was then closed with interrupted sutures of 000 silk, first 
fo mucosa, a second layer through the overlying muscle, and a third layer through the 
°veriying pleura, leaving, however, a email communication between the mediastinum and the 
pleural cavity for drainage. The lung was expanded repeatedly during the procedure. 
Pour intercostal catheters inserted through stab wounds weio left in the pleural cavity. Five 
grams each of sulfanilamide and sulfathiaxole were then sprinkled Into the mediastinum and 
pleural cavity, and 100,000 units of penicillin injected. Tho chest wall was then dosed with¬ 
out further drainage. The patient tolerated tho surgical exploration extremely well, though 
*ke blood pressure when the anesthetic was administered was only (J0/40, and at the end of 
^gical procedure it had come up to 100 over 00 mm. of mercury. 
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Poat-mortem examination revealed that the immediate eauBe of death waB pulmonary 
embolism. The main branch to the right pulmonary artery was obstructed by a large ante¬ 
mortem clot, the right lung also containing two small fresh hemorrhagic infarcts, showing 
that he had had minor embolic episodes prior to the terminal embolus. The source of the 
embolus was not demonstrated; the leg, veins, and pelvic veins were free of blood clots. The 
left lung showed partial atelectasis and also a small infarct. The left pleural cavity showed 
a suppurative pleuritis, but contained little fluid. There were still a few food particles 
clinging'to the surface of the left lung. The esophagus showed a linear area of ulceration on 
the posterolateral aspect of the wall just above the cardia. This tear measured 4 cm. in 
length. The outer surface was partially closed by sutures which had partially broken down. 
There was very little evidence of healing. The surrounding mucosa of the esophagus showed 
evidence of acute esophagitis with no evidence of any acute or chronic ulcers in the stomach 
or duodenum. Microscopic examination of the esophagus showed the wall to be necrotie and 
infiltrated with large numbers of neutrophiles, but with no evidence of malignancy. It is 
unfortunate that this man died of a pulmonary embolism or that the preliminary signal 
emboli were not recognized and venous ligation carried out, for with the postoperative course 
progressing satisfactorily' we have every reason to believe that he would have recovered from 
this serious illness. 

Spontaneous perforation of the lower esophagus into the mediastinum or 
pleural cavity is always a tragic occurrence. It presents a clinical picture so 
characteristic that the diagnosis should be made in the majority of instances if 
the possibility of such a condition is considered. While it may be produced by 
mechanical factors alone, the importance of a local esophagitis weakening the 
esophageal wall must be recognized. To date the correct diagnosis has been made 
during life fourteen times 4 ’ 5 - 7> 14> 10 ’ 31 > ’ 23> 40> 50>73> 74 including Cases 3, 4, and 5 
in the present series. From this group operative repair has been carried out 
five times, four transpleural 5 ’ 14 ’ 10 with our Case 5 and one transabdominal, 73 
with recovery in two patients. 3 ’ 1(5 Early diagnosis, prompt surgical repair, and 
proper postoperative treatment may be expected to save a considerable number 
of these patients from an otheiuvise certain fatal termination. 
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Postopcmtivcly tbo patient was kept in an oxygen tent, and penicillin and aulfndiaxino 
were administered in adequnte dosage. Intravenous fluids and blood were administered as 
indicated. Continuous suction was maintained on tho intercostal catheters and a considerable 
volume of thin serous fluid obtained daily. Tbo lung remained expondod well, and little or 
no fluid was allowed to collect in tbo pleural cavity. The postopomtive course was somewhat 
stormy with elevated temperature, and though tbo blood pressure remained well abova 100 
most of tho time, ho hud several sinking sptdls of abort duration, tbo cause of which could 
not bo determined. Continuous nasal suction was maintained for tho tlrst six days, following 
which small amounts of fluid wore injected directly through tho tube into the stomach. 





4 (Caw 3 , tv. C.).—Post-mortem specimen; spontaneous rupture of lower esophagus on 
ninth postoperative day. 

A. roentgenogram of the chost ou February 24, flvo days poatoperativoly, revealed the 
lung fully expanded with no change to the parencliyiua of the lung. The general condition 
improved and everyone was certain that the pationt was going to recover. On Fob. 20, 1946, 
i* was alert and cooperative, und apparently had few complaints. X-ray view of tho chest 
on thia day, howevor, allowed an area of mottled increased donalty in the peripheral portion 
°f the right lung field, which was interpreted as a patch of pneumonia. He continued to 
improve until Fobraory 27, eight days postopomtively, when lie suddenly complained of 
Mv ere pain in tho right side of tho cheat, and for a time was irrational. Blood pressure 
dropped, but after a short time came np again, and apparently he was all right. There was 
110 expectoration of hlood, no edema, tenderness, or other findings to suggest a process in tho 
lower extremities.' Toward midnight ho had another attack of pain in tho chest and rapidly 
downhill, dying at 6:40 A.ir. on Feb. 2S, 1940, on the ninth postoperative day. 



SPONTANEOUS RUPTURE OF THE ESOPHAGUS 

Report of One Case, With Recovery 

Julian A. Moore, M.D., Asheville, N. C., and 
James D. Murphy, M.D., Oteen, N. C. 


S PONTANEOUS rupture of the esophagus is a very unusual occurrence. In 
August, 1946, Eliason and Welty* reviewed forty-one recorded cases of rup¬ 
ture (not perforation) of the esophagus, and added case histories of three of 
their own patients. They stated that no cases had been reported in the litera¬ 
ture in which recovery had taken place, although in an editorial footnote in 
the 1944 Year Book of Surgery, Graham mentioned two cases which resulted 
in empyema with recovery following drainage. 

Since the condition of spontaneous rupture of the esophagus is so rare, re¬ 
covery so unusual, and the surgical management so complicated, it is hoped 
that this presentation of a case with recovery will be helpful to one confronted 
with the same problem. 


CASE REPORT 

K. E. TV., a 33-year-old veteran of World War II, was admitted to the Veterans Ad¬ 
ministration Hospital, Oteen, N. C., on June 2, 1940, at 11 p.m. and gave the following 
history: 

From 1937 to 1939, the patient complained of irregular attacks of “acid indigestion^ 
and was treated for a supposed peptic ulcer. No radiographic studies were made. om 
1939 to 1944 he had occasional upper abdominal discomfort which was relieved hj bo mm 
bicarbonate. On one occasion in 1941, he complained of sudden, severe pain in t e upper 
abdomen. He became acutely ill, was hospitalized, operated upon, and recovered. ® ^ 
told by his surgeon that ho had acute pancreatitis. After this episode he felt we wi ^ ^ 
occasional dose of soda and without dietary restrictions until May, 194(3. He serve 

"\ r 1 i n ((1 Twelve BlOfltk" 

master sergeant in an engineers’ battalion from May, 1943, to March, lJio. not 

of this service were spent in the tropics and during the entire thirty-four months e w 
hospitalized. ^ 

On May 18, 1946, the patient consumed five highballs from 5 to 10 hut ^as ^ 
intoxicated and did not vomit. He went to bed at 11 P.M. and arose at 8 A.u. ^ ree . 
breakfast consisting of fruit juice, cereal, eggs, toast,' and coffee. He then wn C j l0ffeT er, 
fourths of a mile to buy a paper and felt perfectly well. While at the paper stan 
he was seized with a sudden, severe pain in the left epigastrium, which ‘ dou e 
Ho immediately vomited bloody material. He rode home in a cab and vomitei ^ 

on the way, the vomitus being described as bloody. The pain and nausea perais 
was admitted to a hospital in his own community about noon on May 19, 1946. 

The surgeon’s notes stated that the patient, in obvious pain, was U in K 1 re ctus 
knees flexed. Physical examination revealed boardlike rigidity of 6 pntire 

tenderness across 


both knees flexed. Physical 
muscle and marked rigidity of the right rectus muscle with 
upper abdomen. 


Oteen, N. C. , and 

Department of M^^pressed 


From the Department of Surgery, U. S. Veterans Hospital, 

Published with permission of the Chief Medical Director Deparinieut^- (ong gjpre 
Surgery. Veterans Administration, who assumes no responsibility roi 
or conclusions drawn by the authors. . Association i° r 

Head (by title) at the Twenty-Seventh Annual Meeting of the Amer 
Thoracic Surgery, St. Louis, Mo., May 2S, 29, and 30, 1947. iqifi. 

•Eliason, E. L., and "Welty, R. F.: Surg., Gynec. & ObsL 83: 234, 
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On June 2, 1946, lie was seen by one of us (J. A. M.) in consultation. A thoracentesis 
by this consultant in the left ninth interspace near the spine yielded several ounces of a 
brownish, purulent, sour-smelling fluid with neid reaction. It was very suggestive of gastric 
contents. The next procedure was to give barium by mouth. Under the fluoroscope this 
was seen to pass rapidly into the stomach. Then a roentgenogram was made with the 
patient in the upright position; in this film the stomach appeared normal. Next, a film made 
(Fig. 3) with the patient in the head-down position showed the stomach to be in the left part 
of the chest. A tentative diagnosis of a diaphragmatic hernia with a perforated ulcer in 
the herniated portion of the stomach was made. 



J 


Fig. 2.—Portable roentgenogram made on May 25, 19-16, shows a pneumothora. 

fluid and a wide mediastinum. 

C 

The patient was transferred to the Veterans Administration Hospital at Ot 
On June 3, 1946, the red blood cell count was 3,340,000, hemoglobin 9 Gm., an ^ 

count was 10,900 with 80 per cent neutropliiles. The sedimentation rate ^ ^ . m ,] 

hour. The urine showed a trace of albumin with an occasional white and rer ^ ovgr t he 

a few cylindrical casts. The blood pressure was 125/60. Hoist rfiles were^ pre 
ieft upper lobe and there were diminished breath sounds at the base. - ra ^ ^ first and 
showed the left lung to be partially collapsed with a broad adhesion between 
second ribs. There was a collection of air medially and laterally in the upper ^ P, ar juni 
pleural cavity and of fluid and air just above the diaphragm. There was a s re 
above the left border of the heart outside of the gastrointestinal tract. foration in 

On the assumption that the patient had empyema as a result of a P e ^ ^ jib 
herniated portion of the stomach, a left thoracotomy was done at the leve o ^ ^ a 

in the posterior axillary line, under local anesthesia. After resection of 4 j ress i n g. 

large drainage tube was inserted and fixed in place with a safety pm an nonhemolytic 

Culture of the fluid removed at operation showed Staphylococcus areu 
streptococci, and a yeast form identified as Moniln. No acid-fast bacilli were 
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The leucocyte count on admission was (3,400, but roso In a few hours to 0,100. The 
temperature "wan 00* F., pulse rate 100, and respirations 20 per minuto. On admission a 
roentgenogram (Fig.-l) was made and was interpreted as negative. A tentative diagnosis 
of perforated peptic ulcor was made and a laparotomy whs performed at 6:30 p.u., about 
5 hours after udmission. No perforation was found und a careful eeuxcli of tho peritoneal 
rarity revealed no pathology to account for tlio symptoms. The omental tissue had u 
peculiar appearance and a piece wus removed for examination before the abdominal cavity 
was closed. Tho pathologist's report was fibrosis of the omentum, probably duo to an old 
pancreatitis. 



Fir. l.—Roentgenogram made before operation on May 10 , 1946. Note area of lessened 
r' n4 ‘ty behind the neart. In the light of tho subsequent history we feel that this shadow 
m *3 r t>8 characteristic of the condition described. 

The postoperative period was stormy. The temperature roso to 103.4° F.; the pulse ■ 
^ increased to 120, and respirations to 34 per minute shortly after operation. The next 
Jay, May 20, crepitant rilloa were beard and later that day a friction rub was noted over 
the left lower lobe. On May 21, tho left lowor part of the chest was tympanitic and there 
“me dyspnea. On May 25, a roentgenogram of the chest (Fig 2) was made, which 
showed a wido mediastinum and a left hydropneumothorax. Thoracentesis yielded 135 c-c. 
of clear, amber fluid which was negative on smear for organisms. The delis in the fluid 
wcre predominantly lymphocytic. On May 28, tho thoracentesis was repeated and 240 c.c. 
of air withdrawn. No fluid was obtained, but tho procedure relieved the dyspnea. During 
tile next four days several thoracenteses were performed, but only small amounts of fluid 
could be obtained. 

Daring this period, the temperature was septic and ranged from 101 to 10G°F.; the 
Pai* 5 rate varied from 90 to 120; and the respirations from 24 to 40 per minute. He was 
£iren 1,040,000 units of poni cillin intramuscularly from May 20 to June 2. He took so mo 
ikpddj by mouth and was given glucose in saline solution intravenously almost daily. 
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The left lung was found adherent to the diaphragm and to the lateral client wall 
There was an anterior empyema space and a posterior space which communicated with the 
fistula. The lung was separated from the diaphragm with difficulty but without injtur. 
After the lower lobe of the lung had been completely freed, a large aperture was palpated 
in the diaphragm at the site of the esophageal hiatus. This appeared to be large enough 
to permit a hernia, but the stomach was not present in the thoracic cavity. 

The left diaphragm was then incised, the abdominal cavity entered, and the stomach 
identified. The incision in the diaphragm was extended to the hiatus and the esophagus 
visualized. A reut 4 cm. loug was found in the anterolateral portion of the esophagus just 
above the diaphragm. This was unquestionably an old tear, because the mucous membrane 
was everted and healed to the muscular coat. The mucous membrane itself appeared per¬ 
fectly normal. The tear extended to the eardia. At the upper end of the tear the esophagus 
was fibrous and adherent to the norta at that point. No satisfactory explanation for this 
lesion could be arrived at. The lower end of the esophagus was separated from the aorta and 
was completely mobilized. 



Ffe- L—Roentgenogram made on Aug. 2, 19-16, in the head-down position alter 
barium shows the stomach to be in the abdomen. 


Ingestion of 


An incision about 4 cm. long was made through the eardia and into the fa 11 ^ eso phft- 
stomach. An esophogagastroplasty. was then done .approximating the edge of ^ ffas 
gus to the cut surfaces of the stomach with interrupted Connell sutures of s* ,] ose( j with 
reinforced with a continuous silk suture. The incision in the diaphragm was c “ ^ 8U . 
interrupted xnattres sutures of silk down to the hiatus. The fundus of the st0 “ a< r ^ for 
tured to the diaphragm to remove tension from the line of repair. A large rub er ^ 

drainage was inserted at the site of the original thoracotomy and the wound was 
layers around it. . . 03 (omy 

Convalescence was remarkably smooth. Feeding was continued through the ^^ a g e 
tube until the tenth, postoperative day, at which time the tube was remore . - 1 
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. Penicillin was given at the rate of 20,000 units every throo hours. A Levine tube was 
pwsed intranosally into tho itonmeh and suction applied. Part of tho wator or milk given 
by mouth escaped through the thoracotomy drainage tube. A tablet of methyleno blue was 
given* orally and the blue dye appeared in a short timo in the drainage through the' thora¬ 
cotomy tube. Nutrition was maintained by tho intravenous administration of glucoso in 
aline and q mi gen solution. 

On June 0, 194.0, under spinal anesthesin, a jejunostomy by tho Wangensteen technique 
with a’14 French cathotcr was done by one of us (J. A. M.). After this, the patient was 
given nothing by mouth and was fed approximately 3,000 calorics a day, supplemented by 
vitamins A, B, D, and ascorbic acid through the jejunontomy tube. This was supplemented 
by several intravenous infusions of glucose in >-nline nnd amigen uud by four blood trans 
fusions of 500 c.c. each of citrnted b!oo<l between dune 0 und June 28. Tho thoracic cavity 
wm irrigated four times daily with n 1 j»er rout sodium bicarbonate solution. 



K1 *- *•—Roentcenosram made Juno 2 1940, in tho head-down position after inception of barium 
sulfate. ThU was Interpreted as be Inc a diaphragmatic hernia. 

During the first few days, there was a reversal of tho albumin-globulin ratio, but the 
total protein, nonprotein nitrogen, chlorides, and blood calcium remained within normal limits. 
^0 temperature in the meantime had gradually subsided and the drainage from tho left side 
°f the.ehest gradually ceased. 

By June 28, twenty-two days after jejunostomy, the patient’s condition hod so im¬ 
proved that yo felt he could undergo tho major procedure of repair of the supposed dia¬ 
phragmatic hernia. Under intratracheal anesthesia of nitrous oxide, oxygen, and ether, 
“pplemented with Pentothnl sodium during induction, the operation was undertaken by both 
(J. A. M. and J. D. 11.). The incision was made over the loft ninth rib with resection 
°f the ninth rib anterior and posterior to the thoracotomy wound. The eighth rib was next 
behind the angle. The pleura was incised in tho bed of the ninth rib and a rib 
•Preader inserted. 


638 


THE JOURNAL OF THORACIC SURGERY 


occurred. Liquids by mouth were started in small amounts on the seventh postoperative day, 
and on the fourteenth day a high caloric, bland diet was given. A regular diet was in¬ 
stituted on August 12 and the patient has experienced no difficulty in swallowing at any 
time. 

Following the latter operation, the expected rise in temperature was moderate and of 
short duration and it has been entirely normal since July 23. The drainage from the pleural 
cavity gradually decreased as the left lung re-expanded. The drainage tube was removed 
on Sept. 21, 1946. The wound has completely healed. Penicillin was continued until August 
1, a total dosage of 9,120,000 units having been given. The patient was allowed out of bed 
on Aug. 2, 1946, and was gradually allowed to increase activities. The stomach is in the 
abdomen (Fig. 4), as shown by the roentgenogram taken in the head-down position. The 
lung was completely re-expanded (Fig. 5) and the esophagus appeared normal (Fig. 6). he 
was discharged on Oct. 24, 1946, completely recovered. 


COMMENT 

In tlieir discussion of the subject of rupture of the esophagus, Eliason and 
Welty stated: “The mortality rate reported so far in spontaneous rupture of 
the esophagus is 100 per cent, excluding the two cases mentioned by Giaham. 
Most patients succumb within twenty-four hours, though one patient survived 
seventeen days. With improved techniques in anesthesia, freer use of biota 
and plasma for intravenous infusion, and effective chemotherapeutic agents, 
the limiting factor in the treatment of this condition is that of diagnosis, t 
does not seem at all unlikely that soon recoveries from this condition will e 
reported.’' ' 

Spontaneous rupture of the esophagus should be considered in the di er 
ential diagnosis in any patient who suffers severe, upper abdominal pain asso 
ciated with vomiting, particularly of blood. If this syndrome is accompani 
by cervical emphysema or the development of a pneumothorax, the lesion s o 
be strongly suspected. We think that when a pocket of gas is discoveied e 
the heart, as shown in Fig. 1, we would immediately make the diagnosis, w 
other procedures should be carried out to confirm the diagnosis: fust, t e 8 
ministration of barium with subsequent roentgen films. The presence of ar 
in the chest woidd confirm the .diagnosis. Second, if on thoracentesis, 
contents were aspirated, this would indicate either a rupture of the esop 
or a perforation of the herniated stomach. Id be 

As soon as the diagnosis is made, drainage of the thoracic cavity s ou ^ 
instituted. No food or drink should be given by mouth and a ^ U ^ 1 ° S - ell 
should be done in order to feed the patient. Antibiotic agents shou e 
in adequate doses. Nutrition must be maintained. Glucose and ammo ^ 
blood or plasma transfusions are indicated to supplement jejunal fee _ ^ 

believe that with early recognition of the condition and prompt app ^ 

the measures outlined here, many of these patients can be saved, a a ^ ^ 

ability, the rupture would heal spontaneously and if it did not, 
be successfully effected at a later date. We question the wisdom o n( jj t i on 
repair of the ruptured esophagus in those patients whose despera e ^° g Ur0 -i e al 
following the accident is a strong contraindication to any majoi o 
procedure. 
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8.—Roentgenogram aftor tngeaUon of bnrium *ulfatc. allowing eaopliagu* to be normal. 
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repair and excision of such fistulas are indicated. Such pseudodivertieula and 
fistulas (Fig. 1) when associated with carcinoma definitely indicate its in¬ 
operability. 

The rare case of esophagotracheal fistula resulting from a traumatic or in¬ 
flammatory process can be cured by operation and this must be accomplished to 
save the patient’s life. A transpleural posterolateral approach, ligating and 
sectioning the azygos major vein with excellent mobilization and visualiza¬ 
tion of the membranous portion of the trachea and esophagus as well as the 
fistulous tract (Fig. 2) will permit a meticulous eNcision of the fistula or clo¬ 
sure of the trachea and esophagus and, if massive doses of penicillin and strep¬ 
tomycin are used, primary healing without residual infection can be expected. 



Fig. 1.—Barium study of esophagus, showing perforation of a carcinoma of 
agus into the mediastinum and right lung, producing a pseudodlverticuium. 

Fig. 2.—Operative sketch showing the exposure obtained through the r g 1 
esophagotracheal region for repair of esophagotracheal fistula. 

The pulsion type of thoracic diverticula, however, is similar clinical^ ^ 
those so frequently seen in the esophagopharyngeal region. These divei 
produce symptoms and nutritional decline of the patient owing to t >e ^ 
pendent position of the sac which fills with liquid and food and gra ua J ^ 
comes large enough to produce mechanical angulation and obsti notion o 
esophagus. When the diverticulum reaches this stage of obstruction, i ^ 
ously jeopardizes the patient’s health and life, and only surgical tiea^ ^ 
can he expected to give him relief of these serious symptoms. 101 ° 
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DIVERTICULA OP THE THORACIC ESOPHAGUS 

Heiiukrt D. Adams, M.D. 

Boston, Maks. 

S INCE Zenker’s classification, in 1877, of esophageal diverticula into pulsion 
and traction types, many individual ease reports and a few larger series of 
diverticula of the thorheic esophagus have been reported. A much larger series 
of diverticula of the pulsion type in the pharyngocervieal esophagus has been 
reported, and the surgical management, technical aspects, and tho treatment of 
these cases have become well established. In addition, these reports have 
described fully the pathologic and clinical aspects of these two now well-accepted 
and well-established types. Diverticula of the thoracic portion of the esophagus, 
however, are far less common and very little has lieen written regarding their 
specific surgical management. I wish, therefore, to present a small series of 
diverticula of tho thoracic esophagus in which the patients required surgical 
relief of their symptoms, and to describe in more detail their surgical manage¬ 
ment and the technical aspects of these operations. 

The clinical course and symptomatology are quite characteristic. The symp¬ 
toms are related to a progressive mechanical obstruction of tho esophagus and 
range from indefinite gastric symptoms, substcrnal distress and pain, varying 
degrees of dysphagia, regurgitation, and vomiting. Depending, of course, on the 
severity of these symptoms, there are an associated debility and malnutrition 
reaching severe states in patients in whom the mechanical obstruction has be¬ 
come practically complete. These severe symptoms and severe stages of malnu¬ 
trition are chiefly associated with the large pulsion diverticula and rarely with 
the traction typo. Tho traction type is most commonly seen in the midesophageal 
region associated with the hilar regions of the lungs and the various inflammatory 
conditions involving tho lungs and tho liilar nodes. Thoy nro produced by an 
extension of an adjacent inflammatory reaction to the wall of tho esophagus, 
with traction and outpockcting of tho entire thickness of the wall of tho esoph- 
agtia as the adjacent acute inflammatory reaction subsides and is replaced by 
scar and scar retraction. In this typo the sac rarely hangs down in a depend¬ 
ent position hi relation to the esophagus or is rarely large enough to angulate 
or obstruct the esophagus and cause the classical symptoms. Surgical interven¬ 
tion, therefore, is not indicated except for other complications primarily caused 
by the associated infection—periesophageal abscess or bronchial fistula. These 
coniplicatious, howevor, are much more commonly associated with carcinoma 
which, with considerable frequency, produces pseudodiverticula or esophago- 
tracheal or esophagobroncliial fistulas. If carcinoma can be rifled out by'bron- 
choscopy and esophogoscopy and properly taken biopsy specimens, the surgical 
Prom the Department of Sunrary, The La hey Clinic. 

Read (by title) at tho Twenty-seventh Annual Meeting of tho American Association for 
Oracle Surgery, St. Louis, Mo., May 23 , 20, and 30, 1W7. 
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over a period of two years’. Roentgenograms showed that the upper two-thirds of the esoph¬ 
agus was dilated; a large diverticulum, S by S cm., was present at the junction of the,lower 
and middle thirds of the esophagus, with complete obstruction. 

The patient was admitted to the hospital on Jan. 19, 1940, and on January 29, a 
transpleural diverticulopexy was done. He made an uneventful convalescence and was com¬ 
pletely relieved of the symptoms. Ho returned to the clinic two years later with definite 
angina pectoris but no recurrence of difficulty in swallowing or regurgitation. Diagnosis was 
made of coronary sclerosis, and restricted activity and a medical regimen were advised. 

The patient died in September, 1945, of coronary occlusion, about five years after 
operation for the diverticulum, without recurrence of tho esophageal symptoms. 

Case 3.—A 72-year-old man was admitted to tho clinic Jan. 15, 1940, complaining of 
retrosternal distress, dysphagia, regurgitation, and progressive loss of weight and strength 
of about three years’ duration. Roentgenograms showed a large diverticulum in the lower 
third of the esophagus. The patient was in relatively poor general condition from extensive 
general arteriosclerosis and associated angina pectoris and pulmonary emphysema. In view 
of the serious esophageal symptoms, however, he was admitted to tiro hospital Jan. 15, 1910. 
On Jan. 19, 1940, a transpleural diverticulopexy was done, with complete relief of the 
esophngeul symptoms until the present time. 
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lartfo number of pulsion divorticnlu of the thoracic esophagus has been reported 
in the literature, there are very few references to specific surgical treatment 
of this lesion. Esoplmgoseopy, dilatation, sounding, lavage, and dietary man¬ 
agement havo been described, which, however, cannot be successful in the large, 
truly obstructing diverticula. Exclusive of those associated with diaphragmat¬ 
ic hernia, five patients huve boon operated upon at The Lahey Clinic who had 
largo pulsion diverticula of the thoracic esophagus with marked symptoms of 
obstruction. Three of these diverticula occurred before the advent of penicillin 
and the patients were extremely bad risks Irecausc of extensive cardiovascular 
disease. In these cuses a transthoracic divcrticulopexv was done, with the pa¬ 
tients’ survival and complete relief of symptoms for their remaining years of life. 



. %. 3.—Barium study of the osophafrus showing a larKO pulsion dlveitlculum of the 

i°* ,r tiiorncic e*ophaguji. a, Preopcmtively, the uac in n dependent obstructing position; b, 
Pwoperativuly, showing adequate drainage nnd relief of obstruction following dlvortlculopexy. 


REPORT OF CASES 

Ca«e 1.—A man, 49 years of ngo, wns admitted to the clinic Dec. S, 193(1, complaining 
of Moreiia, dysphagia, vomiting, and progressive weight loss, Roentgenograms showed a 
krg® pnlslon diverticulum, about 5 by 6 cm., of the lower third of the esophagus (Fig. 3, a 
^ &)• He was admitted to the hospital, and on Jan. 2, 1037, transthoracic diverticulopexy 
w as done. Following this lie nmdo a good recovery and was completely relieved of the 
^phageal symptoms. He was readmitted to the hospital approximately one year later, how- 
ever > with dyspnea, cough, sovere hemoptysis, and fever, and died approximately one week 
' After admission. 

Post-mortem examination, showed extensive miliary tuberculosis as the cause of denth. 
The operative field was In satisfactory condition. 

Case 2.—-A 61-year-old man. was admitted to the clinic Jan. 18, 1940, complaining of 
pressure In the cheat, dysphagia, and regurgitation of food; the symptoms had been progressive 
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Roentgenograms showed a very large diverticulum at the junction of tho lower and 
middle tliirds pf the esophagus. He also had the clinieal signs and symptoms of hyper¬ 
thyroidism and the basal metabolic rate was plus 45. A diagnosis was made of primary 
hyperthyroidism and diverticulum of the thoracic esophagus (Fig. 6, a and b). lie was placed 
on propylthiouracil and after proper preparation, he was readmitted in November, 1946. On 
Nov. 13, 1946, subtotal thyroidectomy was done. 

Since at this time the hyperthyroidism was fully' controlled, on November 20 a trans¬ 
thoracic excision of the esophageal diverticulum, one stage, was done. Convalescence was 
satisfactory and uneventful, and the patient had complete relief of the symptoms. 





Fig. 6.—Barium study of a large obstructing diverticulum lying transversely behind the heart, 
a, preoperative roentgenogram; b, appearance after excision. 


In these two eases the diet was restricted to high-caloric liquids, and pen¬ 
icillin was administered intramuscularly, 30,000 units every three horn's fox 
forty-eight hours prior to the operation. The operation was carried out througi 
a wide transpleural posterolateral approach through the left lower thorax. 

In Case 4 the diverticulum could be visualized lying immediately beneath 
the mediastinal pleura. The pleura was opened and the sac carefully and coin 
pletely mobilized, dissecting back the thinned-out muscle fibers from aioiui 
the neck of the diverticulum. * 

In Case 5, upon opening the thorax, the diverticulum could not be xisual^ 
ized since it lay transversely behind the pericardium. It became necessary 
mobilize the lower third of the esophagus and to dissect this sac out care u } 
from the mediastinum. In this case as well-, the muscle fragments vexe eai^ 
fully dissected from the neck. A thin Koclier clamp was then placed aC10 ^ 
the neck into the sac about 0.5 cm. from the wall to allow sufficient t lss '- ie ^ 
that it might be turned in without encroaching on the lumen of the esop a n 
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food from ijussing into the diverticulum, rather than into the esophagus proper, 
during deglutition. This surgical procedure proved to be a satisfactory method 
of managing these three cases of intrathorncic diverticula before the advent of 
penicillin. The danger of mediastinal and pleural contamination that would 
have been associated at tlrat time with any attempt to excise the diverticulum 
would havo been great and the extremely poor general status of these patients 
would have made a more prolonged procedure dangerous. The patients were 
completely rcliovcd of symptoms for the duration of their lives (from one to six 
years). 

In the past year, however, two younger patients have been seen who required 
operative treatment for relief of the symptoms of an obstructing thoracio esoph¬ 
ageal diverticulum. In these eases the diverticulum was excised in one stage, 
in conjunction with intensive treatment with penicillin. 



a.—Barium study or lame obitrucUnK pulsion diverticulum: a, preoporntlvo appearance 
oC 11 to sac: b. appearance oTtor oxolslon. 


Case 4 .—A woman, aged 47 yeura, was udmitted to, tlio clinic April 114, 1D4U, complaining 
at progressive dysplmgip, regurgitation, vomiting, nnd loss of weight and strength over a 
Period of ten years. Roentgenograms allowed a largo diverticulum of tho lower third of tho 
teophagus (Fig. 5, a and 6 ). 

The patient was a dmi tted to tho hospital ou June 5, 1040. On June 7 a transpleural 
«el»Ioa of tho diverticalum lu oao stage was done. Following this procedure slio made a 
vcr J satisfactory recovery, with complete relief of the symptoms. 

Cake 5.—A man, aged 53 years, was admitted to tho clinie in August,'1040, complaining 
or regurgitation of food and retrosternal distress of about six months’ duration. In addition, 
ho had noted marked dyspnea, palpitation, tachycardia, nervousness, nnd weight loss. 




TUBERCULOSIS AND PREGNANCY 

An Analysis oe One Hundred Eighteen Cases 


Hollis E. Johnson, M.D., John C. Burch, M.D. (by invitation), D. Scott 
Bayer, M.D. (by invitation), and G. Sidney McClellan, M.D. (by invitation) 

Nashville, Tknn. 


A BOUT a decade ago one of us 1 published a report of six cases of pulmonary 
tuberculosis complicated by pregnancy in which the delivery was by 
cesarean section. All of these patients had artificial pneumothorax at the time of 
delivery. At that time we felt that the tuberculous woman nearly always im¬ 
proved when she became pregnant unless there was some other complication. We 
felt that there was some factor in the delivery that caused the patient’s tuber¬ 
culosis to become worse after the baby" was born. We did not know what this 
factor was. Since then, we have decided that the cause of the flare-up was the 
greatly increased intrapulmonary pressure that developed during the second 
stage of labor. It seems clear that incompletely healed tuberculous foci would 
be torn apart by this pressure, and reactivation of the inactive lesions would 
result. 

Friedman and Garber 2 in an excellent review of the available and pertinent 
literature on the subject have pointed out the wide difference of opinion as to 
the effect that pregnancy has on tuberculosis. In reviewing the literature, we 
have classified the articles into seven groups as follows: Group I, 3 ' 38 which be¬ 
lieved that pregnancy was either beneficial or harmless; Group II, 3 '' 7 "' 180 "^icb 
believed that pregnancy 7 was harmful; Group III, 73 ' 01 which believed the patient 
was better during pregnancy 7 but became worse after delivery; Group IV, 
which believed delivery was harmful; Group V, ll7 ‘ m which believed lactation 
produced the harmful effects; Group VI, 12 -' 1311 which believed the type o 
disease (caseous pneumonic, exudative, or proliferative) was the chief deci o 
factor; and finally, Group VII, 100 which believed that collapse therapy 

enhanced the chances of a favorable outcome in patients with tuberculosis anc 
pregnancy. 

In Group I the reasons given for the improvement were: “ (a) Mothei fi-ve. 
more nitrogen 7 ; (b) She utilizes in a better manner the sulphur of hei a 
bumenoids and the iron of her food and at the same time mobilizes a larger quan 
tity of phosphorus and lime; (c) more oxygen is consumed and more car 
dioxide produced. All of this forms a hyper nutrition which is beneficial to 
mother;” (d) increased intra-abdominal pressure acts on the lung like P ue 
avulsion or ax-tificial pneumothorax, 23 > - 4 > 23 or pneumoperitoneum- 0 ; (e) P ies ^.^ 
of gonadotrophic hormone in pregnant women 27 and (f) “all the phJ 310 ° 
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itself. A second Kochcr clamp was placed adjacent to this und the diver¬ 
ticulum removed between these clamps, after carefully walling off the entire 
pleura and stirrounding tissues with celloplmne-lincd gauze pads (Fig. 4, C, 
D, and E). Tlio mucosal layer contained in the thin Kochcr clamp was then 
closed by a running over-und-over suture of fine chromic catgut, and the 
mucosa closed by drawing up on this running suture as the ICocher clump was 
removed, thereby accomplishing a relatively aseptic closure of the mucosal layer. 
The muscular layers of the esophagus were then closed with fine interrupted 
silk sutures. The esophagus was then returned to its hod in the mediastinum, 
the mediastinal tissues were sprayed with 100,000 units of penicillin solution, 
and the mediastinal pleura was closed. Another 100,000 units of penicillin 
were sprayed throughout the pleural cavity, the lung re-expanded, and the 
chest and the thorax closed, leaving an intercostal catheter for suction to aid 
in rapid re-expansion of the lung. The patient was placed on 40,000 units of 
penicillin intramuscularly for ten days following operation, and the intake by 
mouth was restricted and graduated much in the same manner as in the manage¬ 
ment of a patient who 1ms lmd a gastric resection. 

. By this technique convalescence in these eases was uneventful without 
complication or residual infection. All of these patients obtained completo 
and lasting relief from the esophageal symptoms. Although there may still 
be an occasional specific indication for the use of the diverticulopexy type of 
operation, it is recommended that, with proper use of penicillin, transpleural 
excision of tho diverticulum by the described technique, in one stage, is the 
operation of choice.* This operation is recommended and should be carried 
out ou all patients suffering from symptoms of esophageal obstruction which 
arises from a diverticulum of the thoracic esophagus. 


•Since this paper was nubmltted for publication, three additional patient* have been, 
operated upon by this method. 
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In Group VI the opinion was almost unanimous that the most important 
factor in the harmful effects of pregnancy and the puerpcrium is exudative and 
caseous tuberculosis, except in the far advanced with obviously poor prog¬ 
nosis. 12 -' 130 

There is ample evidence 137 ' 150 that pregnant women whose lungs are suc¬ 
cessfully collapsed stand spontaneous delivery well in most cases. It seems 
that those with pneumothorax stand delivery better than those with thoraco¬ 
plasties. Scudding 152 reported spontaneous delivery in a woman with oleo¬ 
thorax without harmful effect. 

Our experience has led us to agree with Group III which believed the 
patient was better during pregnancy but became worse after delivery. The 
only serious effort to establish the cause of improvement of the tuberculosis 
during pregnancy is the work of Steinbaeh and Klein. 27 They showed that 
the gonadotropic hormone which appears in pregnancy was responsible for 
increased resistance to tuberculosis in rabbits and guinea pigs. It seems prob¬ 
able that there are other factors involved in this improvement, but no reasonable 
evidence of such factors has been produced. 

In our opinion DeLee, as quoted by Funk, 00 and Jameson 103 came nearer 
to the real cause of the harmful effects of pregnancy and the puerperium ou 
tuberculosis than anyone else. DeLee said “straining at labor may break down 
p'ractieally healed lesions.” Jameson 103 pointed out “the importance of the 
reduction of voluntary effort in the second stage of labor which results in in¬ 
creased intrapulmonary pressure.” Realizing that the tuberculous disease in¬ 
volves mainly the elastic tissue portions of the lungs, we feel that it is obvious 
that the greatly increased intrapulmonary pressure which develops during the 
second stage of labor is most likely to tear open' partially healed tuberculous 
lesions. So far as we know, the intrapulmonary pressure during the second 
stage of labor has never been measured. It has been demonstrated, howevei, 
that the intranasal pressure during 17 ’ 3 forced expiration may reach as high as 
plus 87 to 100 mm. 17 ' 7 of mercury. We believe it is probable that the intrapul 
monary pressure during the second stage of labor is equal to those quoted an 
possibly even greater at times. This pressure is great enough to tear open 
partially healed tuberculous lesions. 

With these facts in mind, it occurred to us that the harmful effects o 
pregnancy and the puerperium could be avoided by eliminating the increase 
intrapulmonary pressure that develops during labor, particularly the secon 
stage. The most obvious way to do this was delivery by cesarean section. ® 
procedure was first suggested by Dr. Charles Sidney Burwell, who recommen e 
it in the ease of a tuberculous woman in active labor who at the same time 
was having a severe pulmonary hemorrhage. It worked satisfactorily m ^ 
case, and we felt that it could be used to advantage in selected cases to aioi 
the harmful effects of delivery. 

We later decided that in suitable cases, the delivery might be allowe ° 
progress to the second stage, and then forceps used after the dilatation 
complete, and more recently we have employed continuous caudal or con im 
spinal analgesia with the final-extraction of the baby with forceps. 
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processes in tlio pregnant woman aro functioning at their best during this 
time.”” 

In Group II, tlio reasons given lor tho harmful effects of pregnancy were: 
(a) Increased demnnds on metabolism, oxygenation and innervation, on cir¬ 
culation nnd elimination”’ “■ *'• *"■ M ' “■ C8 ; (b) point of least resistance is put 

to test; (c) presence of the gravid uterus interferes with respiration and aer¬ 
ation of blood; (d) nausea and vomiting of pregnancy tend to interfere with 
assimilation; (o) prolonged muscular exertion of labor, loss of blood and 
attending exhaustion,' use of nuestheties, auto infection by the aspiration of 
infected material from an old focus in tho lung into healthy portions, and the 
possibility of toxins thrown into tho system from the placental site; (f) strain 
of subsequent lactation and responsibility incident to the care of the child; 
(g) hepatic insufficiency 41 ; (h) “pregnancy seems to reduce the natural defense 
forces*';'' (i) “tho dopressive and dumaging action on tho adrenals and other 
glands 31 ;” (j) “upward displacement of the diaphragm 33 ;” (k) “decreased 
lipolytic activity of tho blood causes difficulty in dissolving fatty capsules of 
bacilli;” (1) “increased cholesterol content of the blood on which tubercle 
bacilli thrive;” (m) deoalcification liberates bacilli; (n) increased basal 
motabolic rate 33 ; (o) renal adequacy declines; (p) reduced tuberculin re¬ 
activity 30 ; (q) respiratory' rato increased; (r) alteration in the permeability 
of the capillaries; (s) contraction of the thorax 01 ; (t) tissue changes in the iungs 
and air passages; (u) strength of woman is diminished' 13 ; (v) “the blood of tho 
pregnant woman is full of lipoids which favor the growth of tubercle bacilli 
and anatomical changes in the mucous membranes of the body, especially the 
larynx and bronchi which favor the development of tuberculosis.' 3 ” 

In Group III the explanations of the patients' getting worse after deliveiy 
following pregnancy during which their condition improved were as follows: 
(a) “A great tendency to hemorrhage during puerperium' 3 (h) “straining 
and increased blood pressure incident to labor probably converts partially 
healed lesions into open ones, thus liberating tubercle bacilli in large num¬ 
bers 1 *;” “many freo organisms aro thrown into tho blood stream 3 ; actual 
physiologic exhaustion 3 , tho congestion of tho lungs incident to labor; possible 
loss of blood; and effects of anaesthetic (if one has been used;” (e) "cardiac 
failure and pulmonary' edema 70 ;” (d) “abrupt displacement of the diaphragm 
coincident-with the emptying of the uterus"’ “• 85 -” ; ” (e) “the change in intra- 
thoracic mechanics during pregnancy accounts for the improvement in the 
pulmonary condition during the latter months of pregnancy and ill effects wliich 
are often noted aftor parturition. 03 ” 

In Group IV the reasons given for tho harmful effects of delivery wore: 
(a) “Cardiac failure and pulmonary edema nnd hemorrhage 03 ;” (b) “straining 
“< labor may break doum practically healed lesions," 3 ” “actual physiological 
exhaustion following labor;” (o) “increased capillary permeability which is 
hnown to occur at t his time.” 33 

Group V believed that lactation is dangerous to both mother and child and 
should not be permitted. 111-131 
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this group were worse postoperatively. Of the 3 that were worse, 2 had active, 
bilateral, far-advanced disease with positive sputum, and poor prognosis. One 
of these two died five days after delivery, of massive pulmonary hemorrhage. 
The pneumothorax was of only thirty-five days’ duration and was done for 
the control of pulmonary bleeding; the other one died of tuberculosis thirty 
days after delivery. The pneumothorax was of only five days’ duration, and 
was done for the control of pulmonary hemorrhage. Both of these patients 
probably would have died of hemorrhage during labor if they had not had 
cesarean section. The third one had controlled pulmonary disease with negative 
sputum, but active pleurisy with effusion (positive for tubercle bacilli) com¬ 
plicating the pneumothorax. She has been lost to follow-up study, but the 
Tennessee Bureau of Vital Statistics has no record of her death after three 
years. 

There were 2 patients whose lungs were expanded after artificial pneumo¬ 
thorax, and one of these did satisfactorily after delivery and one was worse. 
The one that was worse had the lung re-expanded because the collapse was 
unsatisfactory, and the opposite lung had far-advanced disease. She was ex¬ 
tremely sick at the time of delivery and is presumed to be dead. There was 
no follow-up on her. 

There were 3 patients in Group 1 who had had thoracoplasties and all 3 
of them had satisfactory postoperative courses. 

There were 4 patients in Group 1 who had phrenic paralysis; 1 of them 
liad a satisfactory postoperative course, and the other 3 were worse. Two of 
the patients whose postoperative courses were worse had bilateral far-advanced 
disease with positive sputum and hopeless prognosis. One of them died of 
tuberculous meningitis three months after operation. The other died of tuber¬ 
culosis nine months after operation. The third one had moderately advanced 
disease, and died of tuberculosis twenty-seven months after operation. 


Table IT. Group 2 


CESAREAN SECTION WITHOUT COLLAP3E 


Totals 


NO. 

OF 

CASES 

POST¬ 

OPERATIVE 

COURSE 

SATISFAC¬ 

TORY 

POST¬ 

OPERATIVE 

COURSE 

WORSE 

MATERNAL 

DEATHS 

FROM 

DELIVERY 

DIED 

LATER 

PROB¬ 

ABLY 

DIED 

later 

21 

19 

2 

0 

1* 

0 


alive 11 
tears 

LATER 

QUIESCENT 

It ' 


^ivu or mucioumsiB uiree inonuia atter operation, emu uau <*** — 

sion of her disease. work. 

tAllve eleven years later with a positive sputum. She Is doing part of her house 

There were 21 eases in Group 2 (Table II); 19 of these patients had 
satisfactory postoperative courses, and 2 were worse. Both of those that were 
worse had active bilateral disease with positive sputum; one of them had aeu 
exudative extension of the disease and died of tuberculosis three months a er 
operation. The other is alive eleven years after delivery but still has a post 
sputum although she is doing part of her housework. _ , 

There were 15 patients in Group 3 (Table III); all of them had satisiac 
tory post-partnm courses. 
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Tile- of our study wus to see if these methods of delivery were 

satisfactory, and if they lmd any harmful effect on the progress of the pul¬ 
monary tuberculosis, und to see if one method was more satisfactory than 
another. It also was our purpose to show that therapeutic ubortions, because 
of pulmonury tuberculosis, were rarely justified. We further were impressed 
by the assertion 1 ”’ 11H ' 11H that only exudative und ruseous pneumonic tubercu¬ 
losis did badly with pregnancy and we wanted to see if our experience coin¬ 
cided with this. Wo hoped to be able to establish indications for the different 
methods of delivery; and finally, we hoped to be able to accumulate data on the 
effect of the greatly increased intrapulmonary pressure on pulmonary tuber-, 
cnlosis. 

The material studied included 118 patients, divided into eight groupH 
as follows: (1) cesarean section with collapse; (2) cesarean section without 
collapse; (3) forceps delivery with collapse; (4) forceps delivery without col¬ 
lapse; (5) spontaneous delivery with collapse; (6) spontaneous delivery without 
collapse; (7) therapeutic interruption of pregnancy, hysterotomy; and (8) spon¬ 
taneous altortion. 

CRITERIA Or SATISFACTORY POST-l’.tRTl'JI AND FOSTOl’KRATIVE FR00RE3S 

The criteria of satisfactory )>o.st-pnrlum and postoperative progress were: 
(1) no increase in temperature or pulse rele (except immediately postoperative 
or post partum) in three months after delivery; (21 no reversal of negative 
sputum to positive in three months after delivery; (3) no nonpulmonnry tuber¬ 
culous complications in throe mouths ufter delivery; (4) mo x-ray evidence of 
progression of tire tuberculous lesion in three months "after delivery. 

There were 34 patients in (Iroup 1 (Table I); 25 bod artificial pneumo¬ 
thorax, and 1 of them bad bilateral pneumothorax; 22 of these, including the one 
with bilateral pneumothorax, had satisfactory postoperative courses. Three of 


Table I. Gsocp 1 


CEHA11EAN SECTION WITH COLLAPSE 



POST- 





1 PHOB- 



OPERATIVE 

' POST- 

j MATERNAL 





NO. 

COURSE 

OPERATIVE 

DEATHS 

NOT AC- 


ABLY 


OK 

8ATI8KAC- 

COURSE 

rnoif 

COUNTED 

DIED 

DIED 


CASES 

TORY 

1 WORSE 

DCL1VEHY 

von 

LATER 

LATER 

Artificial pncuiuo* 
fhorax 

25 

22 

3 

0 

1* . 

2t 

0 

Expanded 

o 

1 

1 

0 

0 

0 

it 

Thoracoplasty 

3 

n 

0 

0 

0 

0 

0 

Phrenic 

4 

l 

3 

0 

0 

31 


TotatT 

34 

27 

7 

0 

1 

5 

• 1 


*The one not accounted for hod negative sputum. but had pleural effusion that contained 
tubercle bacilli and the postoperative course wax stormy. No death record after three year*. 

. tOne died of maasivo pulmonary hemorrhage five day* after operation. The other died 
« tubyrcuioij, thirty day* after operation. Both iiad pneumothorax for a few days only (five 
0 Ul ' r t> r day*) to control hemorrhage, 

. thunir re-expanded because collupae wax unsatisfactory' end the other lung had far- 
avanewi disease; *putum wai positive, 

h ITwo of the three had far-advanced bilateral disease with positive sputum and hopeless 
prognost*; one of them died three months postoporatively of tuberculous meningitis; the other 
<{i~_ °f tuberculosis nluo months after operation. Tho third one had moderately advanced 
m * Ca « with posltivo sputum and died of tuberculosis twenty-seven months after operation. 




652 


THE JOURNAL OK THORACIC SURGERY 


Table V. Group 5 


SPONTANEOUS DELIVERY WITH COLLAPSE 



POST- 







PAUTUM 

POST- 

AIATEKNAL 





COURSE 

PXRTUAI 

DEATHS 


PROBABLY 


NO. OF 

SATISFAC- 

COURSE 

FRO it 

DIED 

DIED 


CASES 

TORY 

WORSE 

DELIVERY 

LATER 

LATEP. . 

Artificial pneurno- 

7 

(5 

1 

0 

•1* 

0 

thorax 







Thoracoplasty 

1 

1 

0 

0 

0 

0 

Phrenic 

1 

1 

0 

0 

0 

0 

Totals 

9 

S 

1 

0 

1 

0 


•She died of tuberculosis twelve months later. .She hud an unclosed cavity in the right 
base and positive sputum. 


thoracoplasty and a temporary phrenic paralysis; both of them had satisfactory 
post-partiun courses. 

(■!roup 6 (Table VI) consisted of 20 patients, IS of whom had satisfactory 
post-partum courses. The 2 whose post-partum courses were worse had far- 
advanced bilateral active tuberculosis with positive sputum. One of them had 
far-advanced bilateral exudative disease with massive effusion on the left, and 


Tabi.e VI. Group 6 


SPONTANEOUS DELIVERY WITHOUT COLIJVFSE 


: 

NO. OF 

CASES 

POST¬ 

PARTUM 

COURSE 

SATISFAC¬ 

TORY 

POST¬ 

PARTUM 

COURSE 

WORSE 

.MATERNAL 

DEATHS 

FROM 

DELIVERY 


Totals 

20 

IS. 

2 

0 

2 


probably 

DIED 

LATCH 


0 


‘One of these had bilateral far-advanced exudative disease and niusshe effuslo b| _ 
left She died six months later of tuberculous meningitis. The other had , h . rty _ n | ne 

lateral proliferative disease with cavities in both lungs. She died of tuberculosis tin U 
uays after delivery. Each of these patients had a hopeless prognosis. 


the other had far-advanced bilateral proliferative disease with multiple cavities. 
Each was considered to have a hopeless prognosis. 

Group T (Table VII) consisted of 4 patients, and there was 1 each who 
had artificial pneumothorax, thoracoplasty, phrenic paralysis, and no co apse. 


Table VH. Group 7 


THERAPEUTIC INTERRUPTION OP PREGNANCY, HYSTEROTOMY' 



NO. OF 
CASES 

POST¬ 

OPERATIVE 

COURSE 

SATISFAC¬ 

TORY 

POST¬ 

OPERA¬ 

TIVE 

COURSE 

WORSE 

MATERNAL 

DEATHS 

FROM 

DELIVERY 

NOT 

AC¬ 

COUNTED 

FOR 

Artificial pneumo¬ 
thorax 

1 

T* 

0 

0 

0 

Thoracoplasty 

1 

It 

0 

0 

0 

Phrenic 

1 

It 

0 

0 

n 

No collapse 

1 

15 

0 

0 

0 

Totals 

4 

4 

0 

0 

0 



0 

0 

0 

1 


•Died seven and one-half years later of tuberculosis. 
tProgress satisfactory nine months later. 

JDisease has spread and she is worse three years later. 
JDisease arrested ten years after hysterotomy. 
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Table III. GnoDP 3 



FORCEPS DELIVERY 4VTT1I COLLAPSE 




NO. OF 

POST¬ 

PARTUM 

COURSE 

SATI8PAC- 

POST¬ 

PARTUM 

COURSE 

MATERNAL 

DEATHS 

FROM 

DIED 

I PROBABLY 
DIED 


CASES 

TOEY 

WORSE 

DELIVERY 

LATER 

LATER 

Ait. Pneumo. with- 

5 

5 

0 

0 

0 

0 

out continuous 
caudal 

Art. Pneumo. with 

7 

7 

0 

0 

0 

0 

continuous caudal 
or spinal 

Thoracoplasty 

2 

2 

0 

0 

0 

0 

Phrenic 

1 

1 

0 

0 

0 

0 

Total* 

15 

15 

0 

0 

0 

0 


Group 4 (Table IV) consisted of 12 patients, 10 of whom had satisfactory 
post-partum courses; 2 of them wore worse. One of these two had bilateral far- 
advanced active exudative disease with positive sputum and she died of tuber¬ 
culosis seven months .later. The disease was hemutogenous and resembled 
miliary tuberculosis. The other had moderately advanced exudative disease 
with positive sputum and congestive heart failure. There is no record of her 
death hi the Tennessee Bureau of Vitat Statistics, aud we have last track of her. 
IVe presume she is dead. Pour of this group had continuous caudal or spinal 
analgesia, and all 4 lmd satisfactory poBt-partum courses. There wero 11 for¬ 
ceps deliveries hi Groups 3 and 4, in wliieh forceps were employed merely for 
tho final extraction of the bahv after dilatation was complete. These patients 
had continuous caudal or spinal analgesia and were unable to expel the baby 
because of the anesthesia. 


Table IV. Uaour 4 


FORGETS DELIVERY WITHOUT C0LLAP8E 


NO. OP 
CABES 

POST¬ 

PARTUM 

COURSE 

1 SATISFAC¬ 
TORY 

POST¬ 

PARTUM 

COURSE 

WORSE 

MATERNAL 

DEATHS 

FROM 

DELIVERY 

DIED 

LATER 

PROBABLY 

DEpD 

LATER 

Without continuous 
caudal 

With continuous 
caudal or spinal 

8 

Q 

2 

0 

1* 

It 

4 

4 

0 

0 

0 

0 

totals 

12 

10 

2 

0 

1 

1 


‘Died of tuberculoal* *even montlia after delivery. At the time of delivery the dlaeaee 
nematogenouu and acute. 

tHad moderately advanced active exudative dl*co*n with congestive heart failure at tho 
of delivery and la presumed to bo dead although no record of her death can bo found. 

1 

Group 5 (Table V) consisted of 9 patients, 8 of whom bad satisfactory 
I>08t-partum courses. The 1 patieut whoso post-partum course was worse was 
one of 7 pneumothorax cases. She had far-advauced right lower lobe disease 
with a large unclosed cavity and positive sputum. She died of tuberculosis 
twelve months later. There was 1 patient each in this group who had a 
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time of delivery. The pulmonary disease was proliferative, far-advanced uni¬ 
lateral. 

4. One (Case 52) had reactivation of arrested tuberculosis with spread 
to the opposite side. The baby was delivered by forceps without continuous 
caudal or spinal analgesia. 

5. One (Case 58) had tuberculous peritonitis and tuberculous pleurisy 
complicating the pneumothorax at the time of the cesarean section. 

6. One (Case 64) had massive collapse of the diseased lung following 
cesarean section. She had no therapeutic collapse and the postoperative course 
otherwise was not remarkable. 

7 One (Case 94) had tuberculous meningitis two months after delivery by 
cesarean section. She had had phrenic paralysis for two months at the time of 
delivery. The disease was proliferative and far advanced. 

8. One (Case 3) had tuberculosis of spine and kidney and congestive heart 
failure. She was delivered by low forceps; no follow-up was made. The disease 
was far-advanced proliferative. 

DISCUSSION 

It is worthy of note that only 4 of our 118 patients had the pregnancies 
interrupted deliberately. 

It is clear that the 14 patients who were worse after delivery were prac¬ 
tically hopelessly siek with tuberculosis and had little, if any, ciance o' 

- survival even if they had not been pregnant. The fact that two o t lem a 
alive is testimony to the efficacy of the method by which they were mana 0 

It will be seen, by comparing tables, that of the 14 whose pio 0 iess 
worse after delivery, there were 7 of 34 who had cesarean section viti co a 
(20.6 per cent); and that 2 of 21 had cesarean section without co apse ^ 
per cent); none of the 14 had forceps delivery with collapse, 2 o - 1 _ ^ 

ceps delivery without collapse (16.6 per cent), and both of them ,| e _ 

without continuous caudal or spinal analgesia; 1 of 9 had spon anoo 
livery with collapse (11.1 per cent); 2 of 20 had spontaneous ceiveij ^ 
collapse (10 per cent). One might conclude from these findings tia c ^ ^ 
section delivery was the least satisfactory method and that spon ane .^ ^ ie 
lively was the best. While this might seem true, it is not so if cons res ^ 
fact that the patients in the cesarean section delivery group a . ® s p 011 _ 

prognosis from the standpoint of the tuberculosis, and that those m ^ 

taneous group had the best prognosis. The entire forceps c e iveiy ^ ^very 
patients had almost the same percentage of unfavorable courses a 
as the spontaneous delivery group, but when we separate the continuo mar j ce( j 
or spinal patients from those without continuous, analgesia, tlieie m ^ was 
difference; none of the patients in the continuous caudal and spina 0 ^ note . 
•worse, while the rest of the forceps group had 12.5 per cent woise. ^ ^ lteiane - 
worthy that the prognosis of patients in this entire group occupie ^ groU p 
diate position with the other two groups; that is, the cesarean e g ° oupS 
and the spontaneous delivery group. In fact, the progress o 
reflects the prognosis from the standpoint of the tuberculosis. 
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All of them had hysterotomies, mid they all did satisfactorily after their opera¬ 
tions. Therapeutic interruption was considered indicated because in one ease 
there was active exudative moderately advanced pulmonary tuberculosis, with 
jiositivc sputum, rheumatic heart disease, and syphilis; another hnd far-advanced 
bilateral disease with a thoracoplasty on the left and the disease was so wide¬ 
spread that we feared she eoukl not undergo any of the methods of delivery 
without great danger to herself. We were influenced greatly in the latter case 
by the fact that her vital capacity was only about 1,200 e.c. and she occasion¬ 
ally had slight elevations of temperature. She hud a hysterotomy and steriliza¬ 
tion. Tho other two had active bilateral far-advanced proliferative disease with 
multiple cavities and a considerable amount of fever daily. We felt that they 
probably would not survive the period of their pregnancy and that they would 
probably abort spontaneously because of the high fever. They had grown 
worse after becoming pregnant, which was further reason for emptying the 
uterus. The patient (see footnote to Table Vllf) in this group who had a 
temporary phrenic paralysis with the exudative pulmonary tuberculosis, rheu¬ 
matic heart disease, and syphilis Is alive three years later, but the tuberculosis 
has spread considerably and her outlook is poor. The one (see footnote to 
Table VIIt) who had hud a thoracoplasty and bilateral fur-advanced disease 
is progressing satisfactorily nino months after operation. One of those (see 
footnote to Table VII) with far-advanced bilateral proliferative disease with 
pneumothorax and high daily fever died of tuberculosis seven and one-half 
years later. The one with no collapse (see footnote to Tuble VII §) is reported 
to have the disease arrested altout ten years inter. 

.Group 8 (Tabic VIII) consisted of three pationts. Two of them had syph¬ 
ilis which was considered tho cause of the spontaneous abortion and no catiso 
was discoverable for the other one. They have not been followed. 


Table VIII. Onoor 8 


. SPONTANEOUS ABORTION 



POK T-PARTl'll 

POST-PAKTUM ! 

MATERNAL 


NO. OF 

COWIHE 

COHERE 

heaths from 


CARES 

SATISFACTORY 

WORSE 

DELIVERY 

pneumothorax 

1 

1 

0 

0 

Ao col la pm? 

2 

2 

0 

0 

Totals 

n 

3 

0 

0 


No follow-up on any of thi* group. 


C0M1MJCATI0N8 

Eight of our tuberculous patients had other complications than pregnancy. 

1. One (Case 77) had a pleural effusion containing tubercle lmcilli before 
«sarean section, complicating an artificial pneumothorax of nine months’ dura- 
don, She had proliferative pidmonarv disease with negative sputum. 

2. One (Case 90) had a nontuberculous wound infection following cesarean 
"f'tion. She also had pleural effusion. The pulmonary disease was prolifcra- 
dve and it was eventually controlled as was the ploural effusion. 

3. One (Case 6) developed tuberculous empyema nine months after cesarean 
*«bon. The artificial pneumothorax was of only one month’s duration at the 
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In our series of IIS cases, we experienced a mortality rate of 9.3 per cent, 
which appears to he extremely low when compared to a scries of 85 cases studied 
by Ornstein Ulmar and Dittlcr as reported by Falls, which experienced a mor¬ 
tality rate of 36 per cent in five years, and is favorably comparable to a series 
of S2 cases reported by Ornstein and Epstein 128 which experienced a mortality 
rate of 14.6 per cent. If we count as dead the two patients who probably 
died, our mortality rate would be 11 per cent. 

We are inclined to consider these statistics of little significance. It is our 
opinion that none of these patients had the course of the tuberculosis influenced 
adversely by the methods of delivery employed since those who died and those 
who are presumed to have died would certainly have done so even if they had 
not been pregnant. The extent of the disease and the degree of the activity 
would have made such an outcome almost inevitable. 

SUMMARY 

We believe from our experience that the methods of delivery we have em¬ 
ployed are satisfactory. Despite the fact, that our patients with cesarean sec¬ 
tion delivery had the worst record, we believe this method is the one of choice' 
in the worst cases. Objection has been voiced to this procedure because of the 
high mortality rate from cesarean section. The answer to this objection is 
that the mortality rates from this procedure are based on all types of cesarean 
deliveries, including emergencies, those patients who have been in labor many 
days, those who have had presenting hands, cords, feets, etc., and those who 
have had one or more vaginal examinations. 

We decide early in the course of pregnancy with our patients that cesarean 
section will be the method of delivery, and their care is directed toward this 
end. They are delivered at term or just before term, and are sterilized if 
further pregnancies are considered undesirable or dangerous. The fact that no 
had no operative mortality in 55 patients is testimony to the safety of this pro¬ 
cedure when employed deliberately in patients who are properly prepared 
for it. A close second, in our opinion, Is delivery by continuous caudal or con 
tinuous spinal analgesia with low 7 forceps extraction, when, dilatation is com 
plete. It is possible that further experience may lead us to believe that this 
method is better than cesarean section. When the anesthesia is satisfactory! 
the patients experience no inconvenience or pain and are not exhausted by lC 
delivery. 

While our tables show good results in those patients delivered by 7 forceps 
without continuous caudal or continuous spinal analgesia, we believe it is u° 
a good method of delivery in active and uncontrolled tuberculosis, because t iere 
is some bearing down and consequent increased intrapulmonary pressure diiim n 
the first stage of labor. 

We are convinced, from our experience, that therapeutic intenuptions^ 
pregnancy are seldom justified because of pulmonary, tuberculosis and s jou^ 
be reserved for those patients in whom pregnancy 7 itself is difficult anc 
in whom the other complications of pregnancy 7 are serious'. It should e 1 
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Tho 1)7 patients in our serins who did satisfactorily after delivery were 
classified when they enmo under our observation uncording to the N.T.A. 
Classification as follows: 23 were tar-advanced active with mainly proliferative 
discaso and 16 were fnr-ndvunced active with mainly exudative disease; 17 were 
moderately advanced active with maiuly proliferative disease, and 2 were 
moderately advanced uetivo with mainly exudative disease; 1 were minimal 
aetivo with mainly proliferative disease; 11 were fur-advanced inactive with 
mainly proliferative disease; 22 were moderately advanced inactive with 
mainly proliferative disease; and 12 were minimal inactive with mainly pro¬ 
liferative disease. All those patients who could not be classified as having 
discaso arrested wore classified ns active because we felt that if they had not 
been stnble long enough to bo considered arrested, the effect of labor would likely 
bo tho same as it would if they were "frankly” active. 

Seventeen of the 97 patients who did satisfactorily after delivery had posi¬ 
tive sputum at the tiino thoir babies were bom (Table IX). Three of thorn bad 
exudative disease which agrees with the experience of Ornsteiu and Kovnat 1 ”’ 1M 
and others that those with exudative tuberculosis may stand pregunney well. 
Fourteen of these patients had mainly productive disease with some exudate. 
Eleven had satisfactory artificial pneumothorax and 1 of these had exudative 
disease. Of these 11, 5 were delivered by cesarean section, 4 by forceps, and 
2 spontaneously. Two of those positive sputum patients had iliorucoplasty 
and both had productive lesions; 1 was delivered by cesarean section and 1 de¬ 
livered. spontaneously. Ouo of this group had phrenic paralysis and delivered 
spontaneously. There were 3 patients in this positive sputum group who had 
no collapse, but were classified as quiescent. Two of them had exudative disease 
and 1 had the productive type; 1 of these was delivered by cesarean section 
and 2 by forceps. 

Tho difference in tho post-partum course of this latter group and the group 
of 14 patients who did poorly after delivery seems to be that they had the 
disease controlled in contrast to the fact that the other group lmd progressive 
uncontrolled disease. . And furthermore, we believe that the way in which these 
17 cases were managed contributed a lot to their favorable progress. 


Tabus IX 


_CATION OK NINETY-SEVEN PATIENTS WITH 

0ATI8PAOTOUY POBT-PARTUH C0TO8E8 

Far Advanced: 

Active, mainly prolifomtive 



Active, mainly exudative 



Inactive, mainly proliferative 


40 

Total 


Moderately Advanced: 

Active, mainly proliferative 



Active, mainly exndntive 

“ 


Inactive mainly prottforntivo 

22 

41 

Total 


Minimal: 

Active, mainly proliferative 

■i 


Inactive, mainly proliferative 


10 

•- Total 
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in those cuses of pulmonary tuberculosis in which the patient shows little re¬ 
sistance to the tuberculosis and is obviously or apparently unablo to cope with 
tho disease. It should not l>c employed after the third month of pregnancy 
because it is our observation and that of others 1 "’ “■ ’*"• 111 that after the first 
trimester therapeutic interruption of pregnancy is as serious as delivery at full 
term and probably more so than delivery by one of tho methods we have dis¬ 
cussed here. • ’ 

While we are impressed by the observation that 131 ’ I30 ’ 13 * only exudative and 
caseous pneumonic cases do badly with pregnancy, wo note that three of our 
patients who did well after delivery bad exudative tuberculosis and positive 
sputum. Wo believe, however, that they would not have bud satisfactory 
progress if they bud not been controlled as outlined here; we also note thut 
most of our patients who were worse after delivery had proliferative disease 
that was progressive; therefore, we believe that control of the disease is of 
more importance than the type of the disease. 

Wo bavo tried to develop indications for the different methods of delivery 
and we believe the patients with the worse prognosis should have cesarean sec¬ 
tion. We believe further that continuous caudal analgesia and continuous spinal 
analgesia should bo used in patients with better prognosis where there is less 
danger of reactivation of tho tuberetdosis. This would include those whose 
tuberculosis is ([uieseent by the N.T.A. Classification. Forceps delivery without 
continuous caudal or spinul analgesia may be used in quiescent or hotter eases, 
where the analgesia is not effective and it is desirable to avoid the second stage 
of labor. .Spontaneous delivery should be reserved for multiparous women 
whose tuberculosis bus been arrested for more than one year, mid whose his¬ 
tories indieuto short easy labors. Printipara inny he allowed 1o deliver spou- 
Inneously if the discuse is apparently cured. Therapeutic interruption of preg¬ 
nancy should nevor bo dono cxeopt in extreme eases in which preguuney without 
tuboreulosis would lie difficult, uud in those in whom the other complications 
are serious. 

It is most difficult to show that the second stage of labor, with its increased 
iutrapulmonary pressure, is responsible for the harmful effects of pregnancy and 
the puerperium; however, the fact that 52 of our 97 putients with satisfactory 
Post-partum courses were active and 17 of them had positive sputum lends sup¬ 
port to the belief when' we remember tliut tlioir deliveries were conducted in 
such a way ns to eliminate or minimize the effects of this pressure. 
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SPONTANEOUS COLLAPSE- 

Paul D. Crimm, M.D., EA.C.S. 

Evansville, Ind. 

T HE infiltration of air into tissue and the bursting of air into the thoracic 
and abdominal cavities have been reported separately in medical literature. 
In this treatise the subject of the abnormal presence of air in different anatomic 
areas is examined conneetively, since air often migrates or flows from one area 
to another. The presence of extraneous air has been diagnosed as interstitial 
emphysema, spontaneous mediastinal emphysema, subcutaneous emphysema, 
spontaneous pneumothorax, and in this report an exceptional condition is 
diagnosed as spontaneous pulmonary pneumoperitoneum. The presence of air 
and blood, or just blood, in the thoracic cavity has induced conditions which are 
characterized as hemorrhagic pleurisy, spontaneous hemopneumothoiax, and 
spontaneous hemothorax. The latter diagnosis Ls made because air has been 
absorbed before its presence has been demonstrated. All of the aforementione 
pneumatic conditions are not common or well known. The absence of es 
sential air in pulmonary tissue occurs in spontaneous atelectatic (massive) co 
lapse. This pathologic entity must be differentiated from spontaneous co apse 
caused by the presence of extraneous air. 


SPONTANEOUS INTEKSTITLYL EMPHYSEMA 

Interstitial emphysema is the precursor of, spontaneous mediastinal em 

physema, spontaneous pneumothorax, and subcutaneous emphysema. ^ 

alveoli rupture, air spreads along the connective tissue bands, wine SU110U 

the bronchi and blood vessels of the lung. This may occur without trauma^ 

markedly increased intrapulmonary pressure. It does occur aftei tiauma^a ^ 

some postoperative procedures, and with pulmonary infections. It is o e 

sociated Avith bronchopneumonia, influenza, pertussis, measles, anc )101 „ 

asthma. Congenitally thin alveolar Avails, or Avails Aveakened by disease, ^ 

spontaneously Avlien intrapulmonary pressure is increased by coughing 01 ® ^ 

ing. Uncontrollable cough caused the rupture of alveoli in tbe cases 

reported. On the other hand, interstitial emphysema may be one o c ^ ^ 

of incessant coughing. Macklin 1 demonstrated interstitial emphysema, a'^ ^ 

the genesis of spontaneous mediastinal emphysema, by artificially mcrea 

intrapulmonary pressure in animals. He shoived that air enters t e peU j onal .y 

sheatlis of the finer branches of the pulmonary vessels. As the intiapu 

pressure increases, the bubbles of air coalesce into larger ones and nip v e 

the root of the lung. At the root, the air bubbles merge into large J e 

rupture into the mediastinum or produce a pneumothorax. Extipneous 

do both simultaneously. Ballon and Francis 2 and Macklin 1 describe ^ ^ 

of air into the neck, face, axilla, anterior chest Avail, arms, alongsi 
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occurred without tracheotomy. Both had acute obstructive, laryngitis.. He did 
not know how air entered the pericardial sac and reported that Macklin had 
never found this condition in his experiments. It is doubtful whether mediastinal 
air with its origin from interstitial emphysema can extend into the pericardial 
space for anatomic reasons. Beck' 14 said that an opening in the peiicardhun 
would have to be present to admit air. Etiologic factors of pneumopericardium 
are trauma* pericarditis, infection with gas bacillus, erosion and perforation of 
disease processes from neighboring air-containing organs, radium necrosis, and 
congenital defects. 
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A. 

Fig. 1.—-A, Subcutaneous emphysema followln 



Ten days after subcutaneous emphysema 


Interstitial and ,r»edia.stlnal emphysema- 


hud disappeared 


Clinically, mediastinal emphysema may be suspected bj P 1 *}! ^ 


• o-ives the patient a 


the 

tight 


subcutaneous tissue of the neck. This extraneous air giv^o ^ c0U rse, the 
feeling about the neck, even when it is confined to one si e. infiltrates 

subjective feeling of compression is much more distressing v ien ^g an£ l 

the neck bilaterally. The patient is apprehensive and complains o - nUjn are 
difficulty in deglutition. Pain and distress referred to the thought 

commensurate with the amount of distention and pressure, j- 1 tissue or 
that, when the initial pain is lateral, the origin is in the inteis an d 

pleura rather than in the mediastinum. The migration of an m 0 ^ on pie 

subcutaneous tissue acts as a safety valve, and prevents tampon 
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trachea, elevating the tongue, or downward into the retroperitoneal space around 
the kidnoy. Fischer and Macklin 3 supported the theory that overdistention of 
the opposito lung could cause mediastinal emphysema. 

The terms interstitial and mediastinal emphysema have been employed 
interchangeably in tho litorature. Reports on cases of subcutaneous emphysema 
and surgical emphysema discuss interstitial and mediastinal emphysema. Inter¬ 
stitial emphysema por so cannot l>e described clinically. Subcntaneous emphy¬ 
sema is often a deflnito sign of interstitial and mediastinal emphysema. There¬ 
fore, the general use of tho term mediastinal emphysema, which can be demon¬ 
strated by both physical and x-ray examination, would at least clarify topic 
nomenclature. 

SPONTANEOUS MEDIASTINAL KMPHYSEUA 

In 1831 Laennec* described curious grating sounds nnd bubbling rales dur¬ 
ing respiration as diagnostic signs of subplcural nnd interlobar emphysema of 
the lung. These signs were confirmed by Skoda* in 1850. Six years later 
Rokitansky* described the pathologic anatomy of mediastinal emphysema which 
followed pulmonary trauma and ulceration of the trachea. 

Muilor 7 iu 1888 described physical signs characteristic of pneumomedias¬ 
tinum: namely, the presence over the precordium of bubbling crepitations 
synchronous with the heartbeat. He said that the diagnosis was greatly facili¬ 
tated by the appearance of subcutaneous emphysema. In 1918 Rees and Hughes,* 
Smith,* and Munden 10 pointed out tho diagnostic significance of these sounds. 
Smith termed the sound “pericardial knock 1 ’ which he heard over the pre¬ 
cordium iu penetrating wounds of the chest. In 1937 Hammnn u called atten¬ 
tion to the clinical picture of six cases which had spontaneous air occurring over 
the .mediastinum. In tho same year Scott 1 - reported two eases and thought the 
.accompanying pain was due to angina pectoris. Additional cases have been 
recognized by McGuire aud Bean, 13 Morey and Bosnian, 14 Wolfe, 13 Matthews, 10 
Pinckney, 17 Caldwell, M Styron, 10 Millor, 30 Murphy mid Zeis, 31 Griffin, 33 Lintz, 33 
Greene, 34 and Adcock. 30 In 19-U Miller 3 * added four more cases, two of which 
demonstrated this condition and an associated s]xmtaneous pnoumothornx. 

Graham, Singer, nnd Ballou 37 observed mediastinal emphysema after pul¬ 
monary lobectomy. Sercer and Pcicic 3 ' said it occurred during pneumothorax. 
Parfltt and Crombie 30 reported the same condition when the lung was injured. 
Alexander 30 reported a case of tuberculosis wliich developed interstitial, medi-> 
ustinal, and subcutaneous emphysema after spontaneous collapse of the involved 
laitg. Pneumothorax lmd been instituted, but tho collapse was not due to trauma. 
Jehu and Nissen, 31 and Banyai and Jurgens 33 have reported mediastinal em¬ 
physema following pneumoperitonoum. Sinco the emphysema occurred follow- 
mg injection of air by the subplirenic route and did not occur when air was 
given by the subumbilical route, the pneumomediastinum was due to misplaced 
mr dissecting upward under the basal parietal pleura. 

Grnebner 31 reported tlireo cases of pneumomediastinum aud two of pneumo¬ 
pericardium. In one case of pneumopericardium tracheotomy had been per¬ 
formed twenty-four hours previously. In the other case pneumopericardium 
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cutaneous emphysema. Interstitial emphysema, was present, no doubt, prior to the bronchos¬ 
copy and may have been responsible for the most uncontrollable cough ever witnessed in n 
patient by the author. 


A. 
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heart mul subsequent eirculnlory omlmiruvsiiieiit. In imimiil experiments Ballon 
and Francis- noted that when mediastinal emphysema was marked, subcutaneous 
emphysema was slight, and vice versa. Most clinicians point out that the 
pathognomonic sign of mediastinal emphysema is the crunching, crackling, 
[topping sign which is synchronous with the iienrtltcat. 

In tills report two eases are presented. Case 1 (Fig. I, A), a hoy, aged 
4 years, was admitted without x-ray evidence of intrathorncic air, but with n 
marked subcutaneous emphysema. Fig. 1, B siiows an x-ray viow of the sanio 
patient teu days after symptoms hud subsided; no air was present. In the 
second ease, a lxty 13 years of age (Fig. 2. A), the radiograph shows a bilateral 
bronchitis and bronchiolitis. A small area of atelectasis is present in the right' 
lower lobe. Fig. 2, B shows a radiograph immediately nftpr bronchoscopy. The 
segmental ntelectusis in the lower lobe had disappeared. Fig. 2, C shows a 
radiograph taken twenty-four horn's after bronchoscopy. Thirty minutes after 
bronchoscopy subcutaneous emphysema was evident. A left spontaneous pneu¬ 
mothorax lemnined twenty-four days after the occurrence of mediastinal em¬ 
physema. Tlie patient made an uneventful recovery and the uncontrollable cough 
disappeared. 

CA8B 1 (Fig. 1, A and li ).—The patient, u Ixiy aged -i years, was admitted with n. 
generalized subcutaneous emphy&cnia of twenty-four hour*' duration. He complained of 
tightness around the neck ond some shortness of breath. Temperature wax 100.2* F., pulse 
120, X-ray picture demonstrated sulicutnnoouri emphysema, but no spontaneous pneumo- 
thorax. Heart sounds were not accompanied by any crunching sounds, since the air Imd 
‘Hrappeared into tlie subcutaneous tissues, as evidenced by x-ray. The chubo of the initial 
Interstitial and mediastinal emphysema wax due to excessive coughiug while the patient was 
convalescing from un uttaek of measles. After five dnyx of hospitalization, the patient was 
'“orafortable uud made an uneventful recovery. 

Case 2 (Fig. 2, A, B, G, and 7?).—The patient, aged 1.1 years, white, male, overweight, 
*** admitted to tho hospital with a liistory of a pulmouary illneax of Bevea weeks’ duration. 
Temperature wax 102* F., pulxe 110, respiration 21. He had violent cougliing attacks and 
mixing a moderate quantity of xputum. The apntum was negative for any specific 
organism, but a few gram-negutive, rod-shaped diploooeei were observed. Tlie white blood 
count was 11,500. A diagnosis of bilateral bronchiolitis was mndo. After the bron- 
eho**opy a course of sulfonnmhlc and penicillin wax administered. In two weeks tlie patient 
' ra ® discharged from the hospital. 

Tea days after discharge tlie pub’ent re-entered tho hospital, with a temperature of 
101* F. Paroxysmal attacks of coughing persisted. A Bmnll area of atelectasis was ol>- 
^rred in the right lower lobe. It was impossible to control the cough. The second bronchos- 
*°P7 was onventful, and a bronchogram showed tho atelectatic area had disappeared. Thirty 
minutes after bronehoxcopy tho patient experienced dyspnea. Ho complained of choking and 
Df °ot being ablo to breatlie. The Bul>cut&neou* tisanes of the chest, nock, and entire face 
**re distended with air. The eyelids pnffed out and interfered with vision, A crunching 
was audible over the mediastinum. Ho was plnced in an oxygen tent. A Levine tube 
wu lotted into the esophagus for feeding, aineo the patient claimed he could not swallow. 
^ putat increased to 120, and temperature averaged 101° F. for three days. Tho subjective 
‘.'Tnptonu subsided in four days. Subcutaneous air disappeared in seven days.' Becovery wax 
^erentfnL Bronchoscopy probnbly hustened tho occurrence of the mediastinal and sab- 
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Clinically, the onset in pulmonary collapse is usually sudden. The course 
of idiopathic spontaneous pneumothorax is benign and afebrile, often with a 
transudate, but not exudate. Pain and shortness of breath make the patient 
realize that something has happened. Pain is exaggerated during inspiration 
and may increase as the intrathoraeic pressure increases. If the valvelike 
opening in the pleura closes, the pressure may become neutralized and symp¬ 
toms may ultimately disappear, even without re-exparision of the lung. The 
duration of a tension pneumothorax is proportional to the length of time it 
takes the opening in the visceral pleura to close. In this series, one patient 
had a pneumothorax for. eight months after the tension pneumothorax had run 
its brief course. The continuation of the pneumothorax was probably due 
to leakage of air into the thoracic cavity intermittently through a valve-like 
opening In the lung. This is the cause of a prolonged pneumothorax. 

Several authors ,0 ' r!0 ’ 50 * 5T report a few cases in which lungs have remained 
collapsed for as long as seven and one-half years and ultimately have re-ex¬ 
panded. In other eases, re-expansion has failed to occur and the patients have 
had varying degrees of disability for years. Bassel jS has repoited the case o 
a patient who probably had an unexpanded lung for seventeen years, and who 
underwent a successful major surgical procedure (gastroenteiostomy). 

The course of pathologic spontaneous pneumothorax is usually severe. 
In those patients who have pathologic spontaneous pneumothorax, c>ano.\ 
and shock often occur, especially if there is a mediastinal shift, pu i°na 
hemorrhage, or tension pneumothorax. Spontaneous pneumothorax uc . 
trauma, such as fractured ribs, stab and gunshot wounds, or causes ue o 
den pressure changes occur frequently. Hemothorax is often supp emeu .> 
and treatment for hemorrhage, ns well as shock, is necessaiy. 0 e 
Horwitz™ reported a case of spontaneous pneumothorax in an airp an . ^ 

cox and Foster-Carter 00 (1937) cited a case in which an air pilot me 
the third attack. . • 

In this study twelve cases are reported which had spontaneous pa ^ 
pneumothorax. Four patients who had bilateral tuberculosis ie • 
maining eight, five had pulmonary tuberculosis, and two bronc is. 
silicosis, due to fluorspar dust, and later died. One patient no i u 
had a thoracoplasty and died with a spontaneous pneumothorax ui 


lung one week after the operation. ' sex at any 

Spontaneous idiopathic pneumothorax may occur in eit iei s - ^ ^j g 

age. “Wilson 31 stated that it move frequently appeal’s in male a ^ - fifteen 
series of twenty patients, twelve were male and eight were ema • ^ were 
occurred on the right side and five on the left side. None of t ^ umo . 
bilateral, or alternating. In the twenty cases of idiopathic spon aneo^ ^ c j„j 1 t 
thorax, the average duration was three months, except one case " ^ mirelic es in 
recurrences over a period of five years. One patient had two o ^ - n two 
one month; one, four in one month; one, six in six months; an o ’ taJie0U s 
months. Locke 02 reported one patient who had a recurrence o ^ periodic' 
pneumothorax eighteen times. Eleven patients had air lemove 
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Hl'ON'TANKOUS lW'KUMOTIIOUAX 

Lacnncc 85 in IS 11) discussed spontaneous pneumothorax, nontuberculous 
pneumothorax, and double pneumothorax, which is today diagnosed as bilateral 
simultaneous pneumotliorux. In 1887 Hall 30 reported the first 'series of spon¬ 
taneous pneumothorax in the healthy individual. Riesman and Fussel 37 (1902) 
and Emerson 38 (1903) were the first to report nontuberculous spontaneous 
pneumothorax in this country. At this time it was thought the etiologic factor 
was tulicrculosis. Our present concept concedes that the mast common etiologic 
factors are emphysematous blebs in the pleura. (Jordon 33 described five cases 
in which, after re-expunsion, lie could delineate the bullae. Kirschner 30 re¬ 
ported' twenty cases of spontaneous pneumothorax, awl in oue patient, who 
died of ucute cardiac failure, he found a rupture of a pleural bleb. 

In 1931 ICjaerguard" wrete extensively on spontaneous pncumotbonix 
in the apparently healthy. In the same year McMahon 33 reported a ease of 
spontaneous hilutcrnl )uieumoth6rax. Glickman and Schlomovitz 31 reported a 
case of simultaneous bilateral pneumothorax complicating pneumoconiosis, 
which brought the numltcr of bilateral simultaneous pneumothorax eases to 
eighty-two. (laetuu 33 reported a case of simultaneous bilateral pneumothorax 
due to tuberculosis in 1942. .Superimposed spontaneous pneumothorax occurs 
more frequently than is generally believed, since it happens in many patients 
receiving therapeutic treatment for tuberculosis. MeCloskey 33 reported on u 
scries of 1,131 eases of induced pneumothorax. These eases had 52,835 re¬ 
fills over a period of six years, and this condition wus noted 161 times, or 14.2 
per cent. 

Cliarr 30 cited eleven eases of spontaneous pneumothorax; Sehomer and 
Ehrlich 37 - (1935) six cases; Ehrliek and Sehomer 3 * (1938) seven cases; 
lledgpeth and co-workers 30 (1944) twenty cases; Babington 3 " (1944) forty- 
four euses, including thirleon of his own; Hadley 1 ' (1941) five cases. Griffin” 3 
(1942) wrote that the incidence of spontaneous idiopathic pneumothorax is one 
wse ]s>r thousand in male students. Englohnrdt and Parlies 03 reported two 
omtes of spontaneous pnoumothorax caused by bronchial asthma. The thinning 
°f the alveoli wall was verified at autopsy. 

Tho average case of idiopathic spontaneous pneumothorax demands few 
•hcrapeutic suggestions, but spontaneous ruptures caused by pulmonary disease 
twpiire urgont and immediate treatment. Tuberculosis is the etiologic factor 
involved in the majority of cases of pathologic spontaneous pneumothorax. 
Ehronic emphysema, interstitial and mediastinal emphysema, pneumoconiosis, 
fimnehopnoumonia, bronchitis, asthma, congenital cysts, and tumors are other 
etiologic factors. 

Mild cases of idiopathic spontaneous pneumothorax are diagnosed pleurisy, 
m )'wsitis, or intercostal neuralgia, especially if there is no recurrence. Oechsli 
an <l Skilleu 54 reported n case of spontaneous pneumothorax with predominantly 
riiiloniinul symptoms of pain, nuuseu, and vomiting due to downward retraction 
ot the diaphragm. Joress”” reported two cases with similar symptoms. 



thoracic surgery 
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intervals for comfort, three were treated with an irritant oil" and four re¬ 
ceived no treatment. All recovered. Fig. 3, .1 is a radiograpli showing spon¬ 
taneous collapse of idiopnthic etiology. Pig. 3, B shows a radiograph of the 
samo patient two months later. No treatment was indicated. 

Tyson, Crandall, and Hanover 0 * (1941) reported on the surgical treat¬ 
ment of ono case of recurring idiopathic sjmntaneous pneumothorax due to a 
ruptured bleb. He placed a purse-string suture at the base of the cyst, drew 
it tightly, and removed the bleb. 



A. B. 

ric. 3.—A. Radiograph jhuws idtopothtc spimmiu-r.ua puouinothorua. B. Re-expanslon of lung 
two months a/ter occurrence of Idiopathic spontaneous pneumothorax. 


Hoyer and Clagett 03 were tho first to perfonn a lobectomy for chronic 
a l*ontaneous pneumothorax. Tliey removed the middlo lobe of the right lung 
’"-‘cause of multiple emphysematous bullae. 

Pulmonary re-expansion has been obtained in a number of cases by the 
introduction of irritant substances into the plonral envity for the purpose of 
producing obliterative pleuritis (Kjaergnnrd, 00 Harvey, 07 Hennel and Stein- 
krg,** and Morlock 00 ). 

Chandler 70 (1937) used Gomenol in olive oil to produce obliterative pleu- 
rB y. He used only 25 e.e. of 20 ]>er cent Gomenol and olive oi] to create an 
exudative reaction, which he thought aided in the re-expansion of the lung. Ho 
uk® used 50 per cent dextrose to create tlio samo condition. 

Without tho knowledge of Chandler’s work, I used peanut oil effectively, 
uowbver, unlike Chundlor, a larger quantity of an irritant and not a bland 
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in cases reported by Coyon, 73 Hanot,- Montague,” Mainini,™ Lancelin and 
Bideau/ 7 Churnton, 73 Korol, 70 and Heise and Krause. 80 In the same year. 
(1936)"Korol 70 reviewed thirty-four eases of hemorrhagic pleurisy which oc¬ 
curred since 1900 Prior to 1900 verification by x-ray was not available. 
Korol 70 reported thirty cases of hemorrhage which occurred during artificial 
pneumothorax. In a series of 50,000 pneumothoraces, I have not seen a single 
case of hemorrhage in the pleural space which happened during the course 
of treatment. A hemorrhagic exudate seldom occurs it the lung is properly 
re-expanded. It does occur when an oleothorax is allowed to re-expand. 
Fluid which forms during re-expansion may become hemorrhagic. This 
mav be due to the presence o£ granulation'tissue, but more than likely it is 
due to the high negative pressure of some aspirations. It has been called 

exudate ex vacuo. 



a. ' 

FiS. 5.—A, Spontaneous pneumohemothomx. B, Radiograph 
tuberculous pneumohemothorax after two and one-nu 


shows 

years 


B. 


re 

of 


-expansion of 
pneumothorax. 


lung in 


Almeyda 81 cited a case of spontaneous hemothorax, a an( j Beatty” 

blood which settles on the diaphragm lacks fibrin. Birch * ( ^ cygt ar is- 

(1939) reported cases of hemothorax due to rupture of an a t reported 

ing from scarred tuberculous foci. Davidson,. Oxfd,. an mip- hemorr ] iag e. 
a case of apical bullae and the tearing of adhesion which caus d repo rted 

Perry and Camb 33 (1938) reviewed nineteen cases in the hteraru of the 

two cases of their own. No evidence of tuberculosis was oun . ^ a dhes- 

patients who died. In four autopsies of their cases a rup ui ' 
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oil was used, endeavoring at all times to keep the entire thoracic space filled 
with oil or fluid. This insures a pleuritis over tho entire lung surface. After 
the oil remains for two to four weeks, it is gradually withdrawn at weekh- 
intcrvals, along with fluid, to aid in lung re-expansion. With this procedure 
and the obliterative pleuritis which Ls created by the irritant oil, the lung is rc- 
expauded gradually. The pleuritis seals over the opening in the pleura. One 
case reported (Pig. 4, A) had a s]>ontaneous pneumothorax of eight mouths’ 
duration. Oleothorax was instituted (Pic. 4. 7?) and carried for eight montlis 
before eousidernble re-expansion of the lung occurred (Fig. 4. C). A pulmo¬ 
nary fistula which is too large for oleothorax must be treated by the constant 
removal of uir with suction. In these eases, a suction pump” can he attached 
to a water faucet and connected by tuts* to a needle in the chest wall. Periodic 
or continuous suction is applied. One patient with tuberculosis had this treat¬ 
ment twenty-four hours a day for one week, at the end of which time the exu¬ 
date sealed tho visceral fistula. Thoracoplasty and a modified Sehcdc opera¬ 
tion were employed in closing the emphysema cavity. 

SPONTANEOUS HK1IOPNEUMOTIIOItIX 

Nontrmimntie spontaneous hemopneuniothorax occurs in the same manner 
as spontaneous pneumothorax, except for the presence of hemorrhage. In fact, 
a siwntaneous collapse by air probably precedes the hemorrhage. Often tho air 
is alworbed when the hemothorax is discovered. 

Tho quantity of blood in hemopneuniothorax depends on the time it takes 
the collapsed lung to retract the bleeding vessel. Hemorrhage ofton occurs 
after the viscoral pleura ruptures, and the bleeding vessel may not necessarily 
lie in the opening ot' tho pleura but iu a torn vascular adhesion. Blood should 
not he left in the pleural cavity because the fibrin may later calcify. Irritation 
of the diaphragm caused by tho blood and shifting of the mediastinum often 
bring about abdominal symptoms which require a differential diagnosis from 
appendicitis, perforated ulcer, or gall bladder disease. Not infrequently the 
Mdney is investigated for the cause of the abdominal pain. 

Clinically, the symptoms of hemopneumothorax consist of sudden onset of 
twin and dyspnea. Some improvement takes pluce until sign of excessive in¬ 
ternal hemorrhago occurs. Abdominal symptoms may mask the lung collapse 
■uatil extreme dyspnea suggests a roentgenogram of the chest. Physical signs of 
dullness and diminished breath sounds can bo overlooked. Tho treatment coli¬ 
cs of blood transfusion, with aspiration of the blood from the pleural cavity. 
Pneumothorax limy bo indicated. If compression by air does not stop the 
hemorrhage, an exploratory thoracotomy is advisable. 

Hemopngumothorax not associated with trauma, heart disease, tumor, or 
Pulmonary infarction is quite rare. In 1036 Jones and Gilbert” roviowed the 
hteruture ou spontaneous hemopneuniothorax and reported tweuty-threo cases 
from Other clinical reports and one case of their own. Of the twenty-four eases, 
°nly one cn8C j m( j tuPevciosjs 0 s a definite etiology. One patient reported in 
this series had tuberculosis. Tuberculosis was found in the homorrhngic fluid 
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SPONTANEOUS PULMONARY PNEUMOPERITONEUM 

Spontaneous pulmonary pneumoperitoneum is an extremely rare condition, 
indirect pneumoperitoneum, due to the flow of air from the pleural space into 
the abdominal cavity, is not too frequent. Indirect pneumoperitoneum has 
occurred following pneumothorax and during anesthesia, where excessive pres¬ 
sure has been the etiologic factor. El rick, 80 Fishberg, 87 Stephani, Stephani, 
and DesboeuE, 88 and Banyai 80 have reported cases following pneumothorax. 
Eisen B0 in 1938 reported a case of spontaneous pneumothorax, mediastinal 
emphysema, and pneumoperitoneum which occurred during a closed ether anes¬ 
thesia. 

In 1944 Sidel and "Wolbarslvt 01 reported a case of indirect pneumoperito¬ 
neum, probably caused by a suspected temporary fistula which extended through 
the diaphragm into the abdominal cavity. This patient had pneumonia in the 
lower lobe of the left lung. The roentgenogram showed increased density in 
this area and a layer of air below the diaphragm. The patient recovered, and 
ihe air disappeared within two months. 



A. 


B. 


FIe- T. A. Pulmonary tuberculosis with cavitation of left upper lobe.- B, Spontaneous P^™. 1 
pneumoperitoneum. Pocket-of air at left apex is between scapula ana cn 


The ease herein reported (Fig. 1, A) was a patient with pulmonary tube^ 
culosis, who had a left thoracoplasty (one stage, three rib section.) ^ 
covered from the operation, but had discomfort from abdominal distention, 
the fifteenth day the abdomen became markedly distended. An x-iay P 1( \ ^ 
(Fig. 7, B) revealed pneumoperitoneum. This air was. removed and P a ^ 
was relieved. One week later he died of coronary occlusion. Autopsj s, ° 
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ion was fouud, and in the other no satisfactory explanation was fonneL Two 
oases of hemothorax arc reported herein. Case 1 (Fig. 5, ^1) was tuberculous. 
Fig. 5, D shows a radiograph of the same patient after two and one-hall years 
of pneumothorax treatment. Cuse 2 (Pig. 6, /l) had a spontaneous hemothorax 
of nonspecific origin. Pig. 6, J1 is a Him of the same patient forty-six days 
after blood had been nlworbed and lung re-exponded. 

Care 1.—Tho patient, ngod 24 yeura, a bunk clerk, experienced a sudden pain in the 
right chest. Three hours after this attack he fainted. This was followed by considerable pain 
for several liounh Ifo continued to woik the next dnv and vixited a physician, who taped 
tho cheat for pleurisy. Two days Inter x-ray view xhowed tho right side of the chest two- 
ihinls filled with fluid and one-third nir. Tlie patient was admitted to the hospital. A 
thoracentesis revealed tho fluid to l>o blood. Guinea pig ino< , ulation was positive for tul>ercle 
bacilli. Tlie blood was gradnnHy removed and replaced with nir. The blood was totally removed 
fn one month’s time. Pneumothorax uus continued for two years and tlie lung permitted to 
te-expaml. Culture and gastric analyses weir negative for tulxwcle bacilli. 



Fit. 0.— A, Spontaneous hemothorax. 11, Koity-two »I«ys after hemorrhape. Lunc re-expanded. 

Care 2.—The patient,* aged 4S years, a housewife, developed sudden pain in the abdomen, 
^ cramp* and nausea. Complaints were referred to the abdomen, which canned one to 
koine involvement in the left kidney and abdominal region. Forty-eight hours later 
the pationt complained of shortness of breath, which led to an x-ray examination. This 
reveal^ increased density in tho loft pleural space, and a partially collapsed lung. Marked 
•^ondary anemia was present. Thoracentesis revealed pure blood. - No bacteriologic studies 
Wer * made. Several hundred cubic centimeters of blood were removed, which gave the 
P^mt immediate relief. The remainder of tho blood was nlisorbed. Three transfusions 
stored the blow! picture to normal and the patient made an uneventful recovery. 
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SPONTANEOUS PULMONARY PNEUMOPERITONEUM 

Spontaneous pulmonary pneumoperitoneum is an extremely rare condition. 
Indirect pneumoperitoneum, due to the flow of air from the pleural space into 
the abdominal cavity, is not too frequent. Indirect pneumoperitoneum has 
occurred following pneumothorax and during anesthesia, where excessive pres¬ 
sure has been the etiologic factor. Elrick, 80 Fishberg, 87 Stephani, Stephani, 
and Desboeuf, 88 and Banyai 80 have reported cases following pneumothorax. 
Eisen ou in 1938 reported a case of spontaneous pneumothorax, mediastinal 
emphysema, and pneumoperitoneum which occurred during a closed ether anes¬ 
thesia. 

In 1944 Sidel and Wolbarsht 91 reported a case of indirect pneumoperito¬ 
neum. probably caused by a suspected temporary fistula which extended through 
the diaphragm into the abdominal cavity. This patient had pneumonia in the 
lower lobe of the left lung. The roentgenogram showed increased density in 
tliis area and a layer of air below the diaphragm. The patient recovered, and 
the air disappeared within two months. 



Fls " T iineimmnpH? nari ’ tub erculo«l 3 with cavitation of left upper lobe.- ^ Spontaneous putmonan 
pneumoperitoneum. Pocket of air at left apex is between scapula and cnes 

The case herein reported (Fig. 7, A) was a patient with pulmonary tuber¬ 
culosis, who had a left thoracoplasty (one stage, three rib section.) . e 
covered from the operation, but had discomfort from abdominal distention. } 
tlm fifteenth day the abdomen became markedly distended. An x-ra> P IC ^ 
(Fig. 7, B) revealed pneumoperitoneum. This air was removed an P a - ie 
uas relieved. One week later he died of coronary occlusion. Autopsy s]0 " 
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thnt n fistula probably existed from the lung through the diaphragm. The 
fistula was not demonstrated definitely. Adhesions above the diaphragm vvero 
densely adherent, and the omentum was adherent opposite the pleural adhesions 
on inferior surface of the diaphragm. No retroperitoneal or viscus break was 
observed. 

The pneumoperitoneum in this case and the one of Sidcl and AVolbarsht 01 
was evidently caused by a direct connection from the lung through the dia¬ 
phragm into the abdominal cavity. These eases demonstrate that a spon¬ 
taneous pulmonary .pneumoperitoneum does occur when u pathologic process 
creates an opening through the diaphragm. In the ease reported here the 
fistula was valveliko, if the early abdominal distention was due to extraneous 
air and not flatus. This jwstoperative pneumoperitoneum (Fig. 7. B) oc¬ 
curred bccuuso of a pathologic process, even though the operation may have has¬ 
tened the opening of a potential fistula. 

Case 1.—The patient, aged fll yearn, a hanker, white luitn, laid l«n*u ill for one year with 
pulmonary tuborculoriin. X-ray allowed in/lltrntion in the left lung with cavitation in the 
»pex nnd a ruoderuto amount of inlUtration ami fibrosia iu tlie right uppvr lobe. An un- 
ittccGAflfal pneumothorax on the left utile lmd l>ri«n discontinued. He was reforred for 
thinacophuity. On Feb. .7, 104.7, n posterior left tlmrueoplasty wan performed. Ewovery won 
uneventful, except for home detention of the ulidnmeo. until the fifteenth pivtopemtive day. 
Temperature elevated to 101° F., pulao rate 120, respiration 24. A diagnosis of pneumoperi¬ 
toneum ffu made, and the patient was given relief by aspiration of air. Up died of coronary 
oedtudon one week Inter. 

Juto/oiy IteiKtrl ,—The aorta wan eulurged and athoonintoui-. The right ventricle was 
moderately dilates], nnd the wull contained two areas of Iienletl infurrtion. The anterior 
roronary was culcitied throughout, uml part of the circumflex coronary was occluded. Con¬ 
siderable fibrosis nnd numerous healed tubercles were present in both 1 ««Ik*m of tho left long. 
The cavity was collapsed. Tho lower lobe was adherent to the diaphragm, except in the 
anterior third. A few ounces of thick exudate were found in the castophrenic space. The 
pnwaitura was plastered to tho inferior surface opposite the dense adhesions on the pleural 
‘urface. Am attempt was made to locate the tistuln, but no doflnite opening could lw ileiuon- 
•trited. The right lung was flbrotic und contained a few healed tubercles. The pleurae were 
inherent, except where a small quantity of fluid existed in the left costophrenic angle. There 
no break in tbo peritoneum at the hiatus for tho esophagus and aorta. Tho viscera were 
intact. The large bowel was distended murkodly. The middle tliird of the transverse colon 
"ns adherent to tho cecum. 

SPONTANEOUS ATELECTATIC COEXAPUK 

Spontaneous lung collapse caused by the presence of extraneous air is to 
differentituted from the airless lung present in ucquircd atelectatic collapse. 
dinner 1 ' 1 believed that atelectasis cannot be produced by external pressure upon 
tlle lung. He concluded tliut if n lung under collapse therapy or after spon¬ 
taneous pneumothorax is atelectatic, there is definite indication that some such 
implication its endobronchial occlusion or kinking has occurred. Atelectatic 
iUapse may 1 m* acute or chronic, involving one or more lobes or segments of 
different lol>es of the lung. As u rule, acute segmental and chronic lobular 
^clectasis occurs as a complication in pulmonary disease, rather than as a def- 
^ lite clinical entity, like massive collapse. Acute massive collapse occurs gen- 
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erally after abdominal operation within forty-eight hours, less frequently with¬ 
in a week. 

According to Lee, Ravdin, Tucker, and Pendergrass 03 Mendelsohn pro¬ 
duced massive collapse experimentally in 1841. These investigators, Coryllos 
and Birnbanm, 0 -* and Jackson and Lee 03 demonstrated bronchial blockade by 
viscid secretion to be the cause of massive collapse. Graham, Singer, and 
Ballon 83 reviewed all previous theories advanced up to the time Lee and associ¬ 
ates 03 proved that simple obstruction was the primary etiology. Although 
Pasteur 's or theory that diaphragmatic paralysis is the cause of massive collapse 
has been disproved, he described the original clinical condition in 1890. 



Pig. S. Acute, muaslve (utelectutlc) oollaoae. Patient recovered after four bronclioscoyfc 
aspirations. (Courtesy of Blankenhorn and Kelson, Cincinnati General Hospital.; 


In massive collapse the early symptom is acute pain on the affected side, 
as in acute pleurisy. The pain is duo to tension in the potential pleural space, 
and shifting of the mediastinum toward the involved lung. Besides pain, other 
symptoins are respiratory embarrassment, fever, and expectoration of blood 
streaked sputum. Cyanosis and shock may be present. Physical signs consist 
of diminished breath sounds over the dull area, usually without rfdes. T o 
heart apez heat is displaced toward tire affected lung. The opposite lon„ is 
subjected to compensatory distention, which should be called physiologic em¬ 
physema. The x-ray view verifies the diagnosis with trachea and heait is 
placed toward the involved lung and the diaphragm elevated. Bronchoscopy 
is indicated. Carbon dioxide inhalation has been used both preventively an 
euratively. Moorman 08 in 1930, Schindler and Gnagi 09 in 1938, and Jacobson 
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that a fistula probably existed from the lung through the diaphragm. The 
fistula was not demonstrated definitely. Adhesions above the diaphragm were 
densely adherent, and the omentum was adherent opposite the pleimd adhesions 
on inferior surface of the diaphragm. No retroperitoneal or vinous break was 
observed. 

Tho pneumoperitoneum in this case and the one of Sidel and Wolbarsht 01 
was evidently caused by a direct connection from the lung through the dia¬ 
phragm into the abdominal euvity. These coses demonstrate that a spoil- 
taneous pulmonary pneumoperitoneum does occur when a pathologic process 
creates an opening through the diaphragm. In the case reported here the 
fistula was valvelike, if the early abdominal distention was due to extraneous 
air and not (lulus. This postoperative pneumoperitoneum (Fig. 7, D) oc¬ 
curred becuuse of a pathologic process, even though the operation may have has¬ 
tened tho opening of u potential fistula. 

Case J.—The patient, nged 111 years, a lumber. white nuin. hail lava ill for ouc yeur with 
pulmonary tuberculosis. X-ray showed itillltmtion m I lie left lung with cavitation in the 
apex and n moderate araouut of infiltration nud (throats in the right upper lobe. Au un¬ 
successful pneumothorax on tho loft side lmd boon discontinued. He wns referred for 
thoracoplasty. On Feb. d, ltvtfl, a posterior left thoniroplnnly uns performed. Recovery wns 
uneventful, except for some distention of the nbdontea, until the fifteenth postoperative dny. 
Temperature elevated to 10-1“ F., pulse rate 120, respiration 24. A diagnosis of pneumoperi¬ 
toneum was mu do, and the patient was given relief by aspiration of nir. He tliod of euronnry 
occlusion one week inter. 

Jalopty Report .—Tho aorta was cnlurgcd and atheromatous. The right ventricle was 
moderately dilated, anti tho wall contained two areas of hcnled infarction. Tho anterior 
coronary was culcltied throughout, nnd part of the circumflex coronary was occluded. Con¬ 
siderable fibrosis nnd numerous healed tubercles were present in Itollt lobes of tho left lung. 
The cavity was collapsed. Tho lowor lotto was ndhorent to the dhtpliragut, except in the 
suterior third. A few ounces of thick exudate were found in the eostoplirenic spare. Tito 
Omentum was plastered to tho inferior surfneo opposite Iho dense adhesions on the pleural 
■orfucc. An attempt was made to locato tint fistula, hot no dellnilo opening could l» demon¬ 
strated. The right lung was flbrotie and cuutaincd a fow healed tubercles, iho pleurae went 
adherent, except where n small quantity of fluid existed in tho left eostoplirenic angle. There 
*“* no break in the peritoneum at tho hiatus for tho esoplmgus nnd aorta. Tlra viscera were 
attach Tho largo bowel teas distended markedly. The middle third of tho tnunsverso colon 
was adherent to tho cccunt. 

SPONTANEOUS ATELECTATIC COU-APKK 

Sitoutniieous lung collajiso caused by tho presence of extraneous nir is to 
be difTei ontituted from the airless lung present in acquired atelectatic collapse. 
Pinner” believed that atelectasis cannot lie produced by external pressure u]Hm 
•be lung. Ho concluded that if a lung under collap.se therapy or after spon¬ 
taneous pneumothorax is atelectatic, there is definite indication that some such 
'knnplieution ns endobronchial occlusion .or kinking lias otetured. Atelectatic 
collapse may be acute or chronic, involving otto or more lobes or segments of 
different lobes of the lung. As a rule, ncuto segmental and chronic lobular 
atelectasis occurs as a complication in pulmonary diseaso, rntber titan as a def¬ 
inite clinical entity, like mussive collapse. Acute massive collapse occurs gen- . 
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ami co-workers'" 0 iu 1939 treated coses of massive collapse with pneumothorax. 
Oncenso (Fig. S, A) which was treated by bronchoscopy is reported. 

Case 1.—A white mini, ngetl 45 yeur*, u window rlcanor, ]md a fracture of the right 
humoral, radltui, and olecranon. Under Pentotlinl Hodlnm anesthesia n pin wns inserted through 
tbo head of tho humerus. On tho secoml day ho developed postoperative fever with sign of 
itclertasls (nuuvlvo collapse.) This condition was treated with bronchoscopy on the third 
rirth, eighth, nnd thirlivnth <luy. A preoperullve flint was negative, except for moderate 
thickening of tho left lower bronelii. Mortal x-ray views showed gradnnl clearing of the 
entire left lung with exception of u little residual in the lower lobo. 


SUMMARY 

1. Tlic continuity of interstitial, mediastinal, and subcutaneous emphy- 
scniu Is analyzed. Two cases arc added to the few already recorded in the litera¬ 
ture. 

2. The etiology, diagnosis, and treatment of spontaneous collapse of the 
lung with air or blood is reviewed. Of the twenty eases of idiopathic spontane¬ 
ous pneumothorax reported in tiiis series, only three rotpiired treatment. In 
the tlireo eases nil irritunt oil was used to initiate obliterative pletiritis. Twelve 
oases of spontaneous pathologic pneumothorax and two cases of nontraumatic 
hemothorax are reported. 

3. Spontaneous pulmonary pneumoperitoneum with report of case is dis¬ 
cussed. 

I. Spontaneous lung collapse, caused by the presence of extraneous air, is 
differentiated from the airless lung present in acquired atelectatic (massive) 
collapse. 
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The functions of tins instrument are twofold. It is desired to obstruct completely » 
bronchus to an affected lobe (or lobes), and thereby prevent tho ta.nsbroa.ln.l spread .t 
purulent material. By means of suction applied through and d.stal to he balloon, .t .U. 
serves to produce atelectasis of the portiou of lung to be resected (Fig. 3). 



Fig. 2.—Movable table utilized as a bronchoscopy table, and as a mounting 

panel. 


instrument 


The procedure followed iu the present series of cases consists eSSen ^' oca j no anesthesia, 
ing: Bronchoscopy is carried out on the patient following topica P° ^ trncheo- 
wliich is applied to the trachea and bronchi as well as to the larynx and p ^g^uce of 1 

bronchial tree is then thoroughly aspirated. Since the balloon projects a After this is 

cm. from the tip of the bronchoscope, the site of placement is easily oca iz • ^ Walloon is 
done, pontocaine is applied directly'to the site. The carrier tube to tlio desired 

then inserted and the balloon released. Following inflation of the ba tube 

pressure, the sleeve valve is turned off, disengaged, and the bronchoscope inserted, 

are removed. An endotracheal tube is then threaded over the balloon ca l ° recou pi e d us t ,ie 
and the patient carried over iuto general anesthesia. The sleeve vabe is xt in 

patient is being inducted and the pressure in the balloon checked on w . ineS tUesiu is 

important that suction be applied distal to the balloon as soon as satisfac p u ring 

obtained in order to prevent plugging of the aspirating tip by retained by t Ue 

the subsequent operation tho pressure in the balloon is indicated and con ^ ^ w ith- 
mercury manometer. Following isolation of tho bronchus tho balloon is do a 







A METHOD OP BRONCHIAL OCCLUSION FOR THE PREVENTION OP 
TRANSBRONCHIAL SPREAD DURING LOBECTOMY 
AND PNEUMONECTOMY: CLINICAL APPLICATION 

Jaukh D. Moodv, M.D. (i>y invitation) 

Duiiiiam, X. C. 

I MPROVEMENTS in the mol hods for control of bronchial secretions during 
resection for suppurative imlmonary diseases have not kept abreast of the 
rapid progress in tho development of surgical technique. In an attempt to 
answer such a need, an endobronchial lmlloon has been devised to occlude the 
bronchus to an affected lobe and thereby prevent the spread of purulent secre¬ 
tions. A resume of the experimental approach to the problem has been pub¬ 
lished;' since August, 1946, this instrument has liccu applied clinically in 23 


At least four different methods have Iieon used in the past and are still 
lieing used in an attempt to solve this problem. These consist of tracheo- 
bronchinl aspiration by catheter, mechanical blocking or Isolation of one or 
more lobes, various positions for the patients with dependence on gravity con¬ 
trol of the secretions, and different types of chemotherapy. The first method, 
that of tracheobronchial aspiration hv catheter, undoubtedly lias been employed 
much longer than the others and, in general, is the one method on which the 
greatest dependence has been placed. There is no doubt hut that this method 
lias its shortcomings. Bradshaw nud O'Neill 1 in 1943 reported 76 cases of pul¬ 
monary resection for bronchiectasis with the use of this technique there were 6 
deaths directly due to contralateral spread. In a recent review of 125 eases of 
pulmonary resection performed at this hospital during the past ten years, it has 
iwen observed that ipsilaterul and contralateral spreads occurred in 27, or 21.6 
per cent Of this group there were 5 deaths, all directly attributable to the 
spread. As in the cases of Bradshaw and O’Neill, tracheobronchial aspiration 
was the method routinely used. 

There have been numerous attempts to solve this problem of contralateral 
spread by tho use of mechanical devices. In addition to tho instruments of 
Galo and Waters, 3 Archibald, 4 Magill, 5 Nosworthy," and Crafoord, 7 thoro lias 
come to our attention another devico originated by Halton 8 of Liverpool, Eng¬ 
land. This consists essentially of a Magill endotracheal tube thiough which is 
inserted a fine hollow steel tube on tho end of which is mounted an inflatable 
rubber sac. The balloon tube is clumped at predetermined levels at tho prox¬ 
imal end of tho Magill tube. According to Halton, tho instrument could be 
inserted blindly with dependence on predetermined measurements of the traeheo- 
broncliial tree, or visually alongside a bronchoscope. No cases were reported 
in this original paper, aiid no further communication concerning the instru¬ 
ment has been found. All of these instruments have a similar basic construc¬ 
tion; the unit is either rigid or semirigid, and the mouth of the patient is used 
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pyema, no postoperative complications have arisen due to the presence of the 
balloon in the main bronchus over a long period of time. In these cases, fol¬ 
lowing removal of the balloon, the lung inliated very satisfactorily. There has 
been no interference with anesthesia at any time; on the contrary, it has been 
considerably aided by completely obviating tracheobronchial suction. The 
mechanics of operation and placement have proved quite simple. As a general 
rule, an average time of twenty minutes is all that is necessary from the begin¬ 
ning of the topical anesthesia to the completion of the placement of the balloon. 
Only one ease has proved unsuccessful in insertion of the balloon; this was due 
to a combination of massive amounts of sputum and poor tracheobronchial anes¬ 
thesia. The balloon has fulfilled its primary function of remaining securely in 
place in all except one case; in this instance there was extensive tuberculous 
infection of the bronchus at the site of placement of the balloon, and it was 
frankly suspected that the balloon would not remain in place, although it did 
so much longer than expected. There' has been difficulty in removing the bal¬ 
loon in two cases at the time that the operator so desired. In one patient a 
sharply curved endotracheal tube prevented withdrawal of the instrument, and 
it had to be removed along with the balloon. In the second, the points of the 
holding apparatus were entirely too long and difficulty was experienced in re¬ 
leasing the balloon from the bronchus; this holding apparatus has since been 
discarded. 

In this series of 23 eases, there has been one death on the operating table. 
This occurred in a young girl with massive unilateral tuberculosis and tuber¬ 
culous bronchitis. Death occurred during hilar manipulation and shortly after 
removal of the balloon. There was no apparent reason for the death, and 
post-mortem studies could not be obtained. 

In general, atelectasis has been produced satisfactorily and this has con¬ 
stituted a very definite advantage in allowing the surgeon considerably more 
operating space while maintaining expansion of the unobstructed lobe; however, 
in a few cases it has been only partial due to plugging of the aspirating tip h 
thick purulent secretions. 

DISCUSSION 

If the problem of preventing contralateral spread were merely one of oh 
structing a bronchus during the resection of an affected lobe, then this instiu 
ment should offer a satisfactory answer. As mentioned before, it fulfills ah 0 
the necessary qualifications: obstruction of the bronchus is complete; it re¬ 
mains safely in place despite operative manipulations; there is no inteifeience 
with anesthesia; the mechanics of placement and operation are simple, on 
there are no harmful effects to the patient. However, through the eontinu 
use of this instrument we are becoming more cognizant of the fact that spiea ^ 
may occur long before the operative procedure, may occur during preliminary 
bronchoscopy, and may even be confused with cases of pneumonia due diree . 
to poor postoperative care. Consequently we are now forming a routine in 
operating on these patients in which the operation is postponed until late m 
morning or the early part of the afternoon, postural drainage is enforced 0 
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Jraira and tlio bronchus quickly clnmpcd. Tlio proximal portion of the bronchus is aspirated 
for any secretions which mny have spilled oat as the balloon wus dollntcd. In tlio rases of 
bilateral disease, there is nruplo room In (he endotracheal tube for piuumgo of a suction 
catheter. A length of plastic tubing has ls*en utilized which 1ms slightly more rigidity than 
the uwiivl robber catheter. 

It aliould be understood that thw Lnatninipnf ix not intended to be u.>*ed for an upper 
lobe resection; an instrument lms been ilesigiierl foi thm purpose, but thus far there lias been 
no opportunity to test it. 



Flff. 3.—Drawlue lllimtrntlnff function of tho Instrument In obstructing the left lower lobo 
bronchus which communlentes with a large ab*ce*a cavity. 

KKPOIIT Ob’ CASKS 

During tho past ten months this instrument has licen usc<l in a total of 
23 cases. These consist of 10 lobectomies for bronchiectasis, 5 pneumonectomies 
for tuberculosis, 1 pneumonectomy and 3 thoracotomies for carcinoma, 2 
pneumonectomies and 1 lobectomy for lung abscess. Tho remaining case was 
diagnosed lung abscess preoperatively, but was found to bare a loculated em- 
PYCina with a bronchopleural fistula. 

Massive pulmonary suppuration was the primary indication for the bal¬ 
loon in 21 of the eases; this varied from 1 to 3 cups of sputum per day in nearly 
every patient. In 2 of the carnioma cases, the balloon was used solely for the 
Production of atelectasis. 

In nil eases complete bronchial occlusion has occurred, evidenced eitiior 
V atelectasis of tlio obstructed lobe, or lack of inflation under positive pres- 
8 nre anesthesia. There have been no obvious harmful effects in any of the 
Patients. In the inoperable cases of carcinoma and in the patient with an em- 
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sc vein I hours prooperatively, adequate anesthesia is provided for bronchoscopy, 
and a rigid plan including forced coughing and endotracheal suction is fol¬ 
lowed in the postoiH'mtivc period. We have found that it is particularly im¬ 
portant that adequate anesthesia he provided for bronchoscopy. There is little 
reason why a putient should have paroxysms of coughing during bronchoscopy 
when the trachea und mnjor bronchi can Ik* anesthetized as easily as tho larynx 
and pharynx. In the one patient mentioned previously, in whom the balloon 
could not be inserted because of massive amounts of secretions, the anesthesia 
was quite inadequate, coughing occurred repeatedly, and there was a definite 
although smull, postoperative contralaleral spread. 



(Cow 1).—x-ray evidence of postoperative upraad, which, twelve day* later, showed 
wHinnlng clearing. Thla aprend may hove occurred prior to in*ertlon of tho mjtrumenL 


The results in these eases are considered satisfactory, particularly when 
d is realized that this is a consecutive series of patients in which tho bnlloon 
lios been used. 

Three examples of contralateral spread have occurred in the early cases 
of this series; fortunately they were all quite minimal und it was felt that they 
resulted from errors in technique which have since been corrected. One spread 
occurred in a pneumonectomy for tuberculosis with .secondary bronchiectasis. 
The operation took place at 8:30 in the morning, the patient had not had 
adequate postural drainage, and bronchoscopy was difficult because of poor 
anesthesia. During operation bronchial occlusion was perfect, atelectasis was 
Wfliplete, and suction of the tracheobronchial tree was not necessary at any 
linie. Despite this there was a definite small contralateral spread which slowly 
d eared on the patient’s return to the sanatorium (Fig. 4). Tn the second case, 
a Pneumonectomy forcarcinoma, a sharply curved endotracheal tube prevented 







PRIMARY RIB TUMORS 

Survey op Literature and a Report op Seven Additional Cases 
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t TEDBLOM 1 in 1933 reported 291 eases of tumors of the bonj chest " a11 ^ 
H lected from the literature and from his own records However, tins npm 

ter is not a Le indication of the incidence of primary rib neoplasms smee th, 
group included inflammatory lesions, secondary growths, P 

classified because of incomplete data. . 0 e primary rib 

Ill 1942 Sommer and Major' 1 analyzed 1 J1 ? .. cases of tbeir 

tumors reported subsequent to Hedblom s review, t = incidence of 

own. This number provides a more accurate indication of the incidence 

,heSe Tb e : i0 pmpose of this paper is. to list those eases de^riW in — 
since the report of Sommer and Major, to review briefly dm eaU ^ 

ing rib tumors, and to report 7 cases ot primary rib tumors» 

University of Iowa Hospitals. Table 1 shows these co not founc l in 

Primary tumors of the ribs present no clinical ehaia of their 

similar tumors occurring elsewhere in the bony s ve e ' eous i c ] era tions 

location they do present certain diagnostic problems and sui D ic 

which may well be reiterated. , n01 . Pain 

The most important symptoms of rib neoplasms arc P‘ constant 

persisting over a long period of time is probab y a 11101 e t de p t tle if any 
finding than the presence of tumor since the growth may P be f 0 re a 

above the normal contour of the chest wall. A so, pain pa j n is usu- 

mass is recognizable either clinically or roentgenogiap lea ■ ation ear i y in 
ally dull and boring in character and is not aflectec V ^ charac ter. 

the progress of the disease, but later it may" ecorne p „ ro , v tbs. Fever, 
Severe pain is most frequently associated with ma ! ° lian ° n pleurisy are 
weight loss, dyspnea, palpitation, mild gastrointestina os ie » ^ tfae iuitia l 

other symptoms which occur rarely. In our series o 7 - was the pri- 

symptom in 3 and was noted later in 2 additional cases, a Q ne patient 

mary symptom in 3 and was noted later in two additiona cas to have a 
(Case 7) had pain but no tumefaction. Another, who was 
fibrous dysplasia of rib, had neither pain nor a mass > <n -owths has been 

The significance of trauma in the causation or neop as c ^ r _ 10 j us t bow 
mentioned in practically every article concerning rib tuinois. 4ssoC iation 

Read (by title) at the Twenty-Seventh Annual of Th ° 

for Thoracic Surgery! St. Louis. Mo., Hay 28, 29. and 30 1947. 

•Former Associate Professor of Surgery, State UnUersltj 
fFormer Fellow \n General Surgery'. State University o oua * 

nno 
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the withdrawal of tho bulloou for several seconds, and finally had to bo re¬ 
moved with the balloon. The bronchus was not clamped until the tube had 
Ijccu removed and consequently spillage of broncliial .secretions may have oc¬ 
curred at this time (Fig. 5). The last example concerned a pneumonectomy 
for tuberculosis in which a small shadow appeared in tho apex of the opposite 
lung on the third day, and showed definite clearing within one week’s time 
(Pig. fi). During the operation the balloon funetioned perfectly, and there 
was no break in technique to explain tire spread. 

This discussion is intended primarily as a rejiort of the clinical application 
and tho development of a technique for the use of an instrument which suc¬ 
cessfully occludes a-bronchus during pulmonary resection. Any statistics on 
the 1 reduced incident of spreads should be compiled from n lurge series of 
eases in which tho use of this instrument is combined with the improved methods 
of pre- and postoperative care which have been discussed. 

SUMMAltY 

Various methods for the prevention of transbronehial spreads during pul¬ 
monary resection for suppurative diseases have been used during tho past few 
years. In an attempt to eliminate the faults apparent in these methods, an 
endobronchial balloon bus been developed which has been successfully used 
■n ‘2d cuscs. For the use of Ibis instrument a technique bus Iwen developed 
which includes preoperutive and postoperative care as well as tho actual inser¬ 
tion and placement of the instrument.* It is hoped that the incidence of post¬ 
operative spreads may lie greatly reduced by this method. 
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important a role it plays is not yet clear. A history of local trauma was so 
frequently found in the reported eases thul the traumatic factor may passibly 
be significant. Speed 30 stated that the majority of malignant tumors of the 
chest which appeared following trauma occurred in males and that the most 
common site was the anterolateral chest wall, the area most exposed to blows 
and fulls, lledblom found that 13 of 61 cuses of sarcoma occurred in previous¬ 
ly traumatized areas. 1 One case wus reported wherein trauma occurred 
eighteen years prior to the appearance of a chondrosarcoma in rib, 0 The his¬ 
tory of injury and subsequent distress during those many years was so clear 
cut that its contribution to the production of the tumor seemed difficult to deny. 
In a clinieopathologic conference at the Massachusetts General Hospital a case 
was presented in which an injury antedated a cavernous hemangioma of the rib 
by fifteen years. The history of a close relationship between the original trauma 
and the appearance of the tumor was such that coincidental occurrence seemed 

• unlikely. One patient in our series (Case 2) developed a chest wall mass ten 
days after an injury to this nreu. The mass gradually enlarged and at opera-’ 
tion six months later a fibrosarcoma was found. 

Although tlie reports regarding trauma seen, quite convincing, we are not 
ready to accept the theory of trauma as a causative factor in the development 
of bone tumors. More likely, « traumatic incident serves only to focus atten¬ 
tion on a previously existing, asymptomatic pathologic lesion, whose presence 
was unknown before the injury occurred. We would therefore emphasize the 
fact that a previous injury does not permit a conclusion that persisting symp¬ 
toms uro result ant or. insignificant. We feel that patients with pain and/or 
swelling which continues after trauma should be studied thoroughly for the 
presence of a tumor. Blake and Bradford have pointed out that too many 
cases are reported wherein roentgenograms have not been utilized, nor has there 
lieen on adequate physical examination in patients who complain of (a) per- 
Mtent pain at the site of an injury over ft period of time considerably louger 
than is required for healing of the injury to luke place; (b) the appearance of a 
wo-ss at the site of an old injury; (c) recurrence of pain at the site of uu old 
injury* after u lapse of months or years, when no immediate cause is apparent/ 
The fact that pathologic fractures may occur with minor trauma should be 
kept in mind. No complaints, such as those just mentioned, should be dis¬ 
missed without complete x-ray studies even though the physical examination 
proved to be negative. 

After one lias made a diagnosis of disease in the thoracic cage, there are 

• certain conditions which may be difficult for him to differentiate from rib tu¬ 
mors; These include tuberculous und pyogenic osteomyelitis of the spine or 
ribs. Syphilitic lesions must be considered as possibilities on occasion, although 
kffl frequently now than previously. Careful histories and routine blood and 
spinal fluid studies are important and will usually clarify the problem. Intra- 
thoracie nerve tumors or tumors of the -posterior mediastinum may occasionally 
he mistaken for bony chest wall lesions. .Likewise, intercostal nerve tumors may 
simulate rib tumors clinically and roentgenographically. Case Iiistories have 
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ulso been presented wherein rib tumors have been erroneously diagnosed and 
treated as simple contusions and fractures.-»•» Lesions of the pleura, lun» 
and soft tissues of the chest wall .(including aneurysm, cold abscess, encap¬ 
sulated empyema, empyema necessitatis, and bronchiogenic carcinoma) have m 
some instances resembled bony tumors. 

One of the most difficult problems, after demonstrating a bone neoplasm 
roentgeuographically, may be the clinical differentiation between a primary and 
secondary growth. The ribs are involved by metastasis much more frequently 
Hum by primary growth. Ordinary methods of clinical examination may fail 
lo disclose the* source from which metastasis has occurred. Since secondary le¬ 
sions in the ribs may become evident long before any symptoms are produced 
by the primary lesion, recognition of these facts is imperative. 

A complete history and physical examination supplemented by the use of 
x-ray studies are the chief aids in diagnosing a rib tumor. In several of our 
eases, x-rays of most of the skeleton were taken to rule out polyostotic lesions. 
Likeivi.se. special studies, particularly blood calcium, phosphorus, and phos¬ 
phatase levels, were utilized to rule out diseases with secondary bone changes. 
Artificial pneumothorax and thoracoscopy after instilling air into the pleural 
cavity are diagnostic aids of probable importance in some instances. Some 
authors have suggested the use of aspiration biopsy, particularly to differen¬ 
tiate between primary and secondary tumors. This measure was not em¬ 
ployed in our series. Exploratory biopsy remains a justified and essential 
procedure in those eases defying diagnosis by any other means and in winch u 
positive diagnosis is necessary before management is instituted. Emphasis is 
made that this method is positively indicated in questionable cases rather than 
the frequently adopted plan of watchful waiting. It is apparent from the 
reports in thg literature and from a review of our own cases that in too man} 
instances there is a great delay between the onset of symptoms and the removal 
of the lesion. This is due in some eases to an unjustified wrong diagnosis and 
in others to a failure to identify lesions in their preinalignant stage. Poi ex 
ample, chondromas and osteochondromas arc now recognized as being ei er 
potentially malignant from their onset or as having a tendency to become ma 
ligmmt later, and they demand adequate treatment at the time the} are 

noted. - - a | 

The definitive treatment of primary rib tumors is no longer a coni ove ^ 
matter. There is little evidence that irradiation therapy is of reaMaiie. ^ 
cept for two giant-cell tumors which responded favorably and a sinn ^ 
apparently cured by radium therapy, there are no reports since j n . 

cessful treatment by this means. Early and wide excision is t re 16 - tem 

cheated. By wide excision is meant removal of the rib including ie ^ 

and the underlying pleura well beyond the lesion along wi ) wports 
muscles (intereostals, chest wall, diaphragm, etc.). 1 0 111 ^ iaI1 p e jj]g 

state that the pleura has been stripped from a rib tumor r . of Iowa 

widely excised. This was true in several of the eavljei bta re - 

Hospital cases, and in one instance (Case 1) we behe ' e , first.rib, lor 
sponsible for a recurrence. Entire removal, pavticu ai . 
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pleomorphic cluiniclur '~w{tl\ .'“S? 1111 (low Power) of chondrosarcoma of rib showing 

turn and fairly dense nn.fr v « iH° carUillK ? »«‘trix to the right of the connective tissue sep- 
IS Piiotornicroer n« m ( C raature carUIugc cells to the left of the septum, 
of primitive curtilage udW. nt t 1> “ wer ) of chondrosarcoma of mandible showing two lobules 
sernblanco to tumor 0 f rib above ,nuturc Partially calcined hyaline cartilage. Note re- 

ia the^pseu^capsule \vhreb U m'i, nt i '-'hondrosurcoma of rib. The dense white band in the center 
D PhotmnZ 1 luW open revealing the everted friable hyaline cartilage. 

neoplastic cartflugc^hmuling ** sb0Wn nboV °' 8howlnsimmatUre 


iscussiou. We feel that the first operation was inadequate. The over- 
]\iny muscles, pleura, and intercostal muscles should liave been widely excised. 
In leseeting' any tumor of rib it should never be stripped from its underlying 
pleuxa. I he recurrence in this case may tvell have been due to this mistake 
in technique. 

Regarding the lesion of the mandible—one may speculate as to the rela¬ 
tionship of this tumor and those of the rib. We feel that this probably was not 
a metastasis but rather a new tumor. The patient may have had enchondral 
tests and for some reason these developed as chondrosarcomas. On the other 
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a malignancy involving any portion of it. is advocated by Port, 3 since partial 
resection in this extremely vascular urea is frequently followed by early in¬ 
filtration and rapid general metastasis. (In our Case 6 we removed not only 
all of the ninth rib und the underlying pleura and the eighth und ninth inter¬ 
costal muscle bundles, but also a segment of the eighth rib in the region of the 
moss so ns to facilitate wider excision. The mierophotograph of this ease [Pig. 
6, D] shows the close relationship of the tumor capsule and the pleura. Obvi¬ 
ously, if stripping of this tumor from the pleura had been attempted, complete 
removal would not have bceu accomplished) 

In the following eases of primary rib timiors the patients have been oper¬ 
ated upon at the State University of Iowa Hospital from 1934 to September, 
1946. 

CASE RETORTS 

Case 1,—F. T. O., a white woman, first entered the 8tut#» University of Iowu Hospitals 
In 1934 at tlio ago of 51 years, with a complaint of u mans on the lower left part of the chest 
of twenty yean* duration. On physical examination there was a hard, slightly nodtilnr, non- 
tender mass measuring 15 by 10 by 10 cm. in the left jtosterior axillary line lying between 
the tenth and twelfth ril>s. The mass was excised along with a fairly generous segmont 
of the eleventh rib, from which it arose. Tho operator’s note included the statements: "The 
maw peeled out quite readily, tho only technical difficulty encountered being separating tho 
thinned out pleura which had been displaced by the inward growth of the tumor.” 

Patholoffy .—Gross Description: Tho mass meaanred 15 by J1 by JO cm. To it 
was attached a rib 3,5 cm. in length. The tumor appeared to rise from tho end of the rib. 
The cut section revealed chiclly cartilage, but a few areas of bone were seen. 

Microscopic Description (Fig. 1, A): Microscopic slides showed neoplastic cartilage, 
pleomorphic jn appenrnnee. In somo areas the cartilage was lobulated and the cartilage 
matrix was dense. Hero tbo cnrtllago cells tended to bo large, ovoid, and irregularly dis¬ 
tributed in tho matrix. Tho matrix in some areas showed irregular focal calcification. In 
other areas tho tumor was composed of much more embryonal cartilage; hero tho matrix was 
watery in appearance und devoid of calcification. Curtilaginous lacunar outlines were diffi¬ 
cult to ascertain and tho individual cartilage cells were more pleomorphic. Many of them 
were spindle-shaped and lmd long tapering cytoplasm. No mitotic figures were seen. 

Tlie diagnosis in 1934 was "chondroma of rib.” However, because of the evidence 
of a mixture of mature and embryonal cartilage, we would now call this tumor a low-grade 
chondrosarcoma. 

This tumor did recur. On the patient’s second admission to the hospital in 1045, a re¬ 
currence which sho hud noted for the past two years was excised. This arose subjacent to 
the old operative scar. 

Patho1oyy : —-(iTosB Description (Fig. 1, C): A 7 by 7 by 0 cm. well-circu disc ril >ed mass 
of cartilaginous tissue surrounded by a rather thick pseudocnpsule was found. Upon sec¬ 
tioning, tho tnmor tissue bulged beyond its peeudocapsnle. 

Microscopic Description (Fig. 1, D ): There were several sections of pleomorphic neo- 
pla»tic cartilage similar in appearance to the original tumor. In these sections, however, 

4 more immature type of cells and matrix predominated. Invasion of tho pseudocapaule 
’ras seen in one area. There was minim al metric in l calcification. No endochondral ossifi¬ 
cation was seen. 

The patient’s third admission was in September, 1940, in tho department of otoloryn- 
S ol ogy, becamte of a mass in the left Hide of the mandible which had been noted two months 
Piously. A_ diagnosis of chondrosarcoma was made and, following biopsy, the loft ex¬ 
ternal carotid artery was ligated and the mandible was oxcised. The patient suffered, second¬ 
ary shock and died about eight hours poatoperatlvely. No autopsy was performed. The 
Pathologm 'diagnosis was chondrosarcoma of tho mandible. 
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f Mh ami seventh nbs. Heeurrei.ee was noted six months later, however eighteen 
months elapsed before the patient was referred to the State University of Iowa Holla) 
On Jan. -J, 10.W, after preopenmvc pneumothorax, exploratory thoracotomy was nerfomed 
fhe lesion was tound to be inoperable because of metastasis to the pleura and to mediastinal 
lymph nodes; therefore, a palliative excision was carried out. The pathologic diagnosis 
was osteochondrosarcoma, recurrent, lie was discharged on the thirty-fourth postoperative 
day and died two months later. 

Pathology .—Gross Description: The specimen consisted of an irregular, lobulated, nodu¬ 
lar mass measuring 20 by li cm. This mass was soft in some areas and bony hard in other?. 
Portions of rib could he seen here and there protruding from the muss. One area was cystic 
and contained yellowish, thick, viscid material. The mass was partially encapsulated. On 
cut section it was composed of irregular nodular masses of grayish-white tissue interming¬ 
ling with llbrons tissue. There were areas of necrosis, hemorrhage, and calcification. 



. 1 . 


B. 


Fig-. 3 (Case Photomicrograph (high power) of recurrent iondro^rc°ni> 

showing immature cartilage with connective tissue septa. B, Photomicrograph U P 
recurrent (Ibrosurcoma of rib allowing invasion of muscles of the chest wan. 


of rib 
of 


Microscopic Description (Fig. 2, .1): Sections showed lobulated masses of n ^°P 
hyaline cartilage tumor, surrounded by a dense iibrous tissue stroma separating ^ ^ 
lobules. These fibrous tissue septa were in many places dense, broad, and occasions y ^ 
eified. The cartilage neoplasm varied considerably in cellulnrity hut pre< onuni ) ^ 

more cellular than normal hyaline cartilage. In the cellular areas the matrix ^ 
dominantly light-staining and devoid of calcification. These areas frequen y 
frankly myxomatous. In other areas the mutrix was sparsely cellular and s oi 5 ^ 

degrees of calcification. Tiiis calcification was the site of ossification in , (D( ] t ],(. 

ossification was predominantly by direct osteoblastic apposition. The osteo ^ CJ1 i c Lfied 
bones thus formed did not appear neoplastic but were a reactive response o ^ p; M . 
material. There were sumll areas where the neoplastic cartilage ee Is " er ®^ section ] 0 bules 
morphic and varied considerably in size, shape, and depth of staining, n o ^ flattened 
of neoplastic cartilage were seen pushing into skeletal muscle. A t in arr 


mnective tissue separated the two (Fig. 3, B). 

Diairnosia was chondrosarcoma of rib. 

• 'tv of Iowa Hos- 

CASE 4.—D. C., a 33-year-old-white woman, entered the State Umversi ^ secon fl 
itals on Feb. 11, 1940, complaining of a painless mass in H,e jn size for some 

istocliondral junction of fifteen years' duration. It had been increasing 
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liaud, the similarity of the microscopic pictures might leurt one to believe that 
the lesion in the mandible wjis n metastasis which might have been avoided had 
an early wide excision of the primary tumor of rib been carried out. 

Case 2.—J. II. a 37-yeur*old wliito man, was admitted to tlio Stato University of Iowa 
Hospital* cm May 32, 193S. lie complained of a muss on the left aido which Lad appeared 
ten days after a full on tlio chest in November, 1037. Surgical removal had recently been 
attempted at another hospital hut had failed. Examination rc\ended a mass, 12 by 8 by 0 cm. 
ia kiie, which occupied the region of the cotdul rnoigin on tho loft and ivna adherent to the 
ninth and tenth ribs (Fig. 2, -I). A block resection of the maw was carried out, remov¬ 
ing the eighth, ninth, tenth, and eleventh ribs together with their costal cartilage's and the 
underlying cndotlioracic fascia and pleura. 

Paihology ,—Gross Description: The mass measured 12 by 5 by 4 cm. One rib dis- 
• lipeared into u hard moss measuring 7 by 5 by 5 cm. This muss was quite well encapsu¬ 
lated and on cut surfneo was composed of translucent grayish tissue. 



., K*. 2 (Casa j) .1, x-ray viow of fibrosarcoma of rib slmwInK destruction of rib and 

soft tissue mou. B. Photomicrograph of fibrosarcoma of rib showing spindle cells and 
numerous mitotic figure*. 


Microscopic Description (Fig. 2, B) : Sections showed interlacing bundles of neoplas¬ 
tic cells which were spIndle-Bhapcd and had elongated oval nuclei. Theso cells tended to run 
*Q parallel direction, forming loosely packed whorls and long sheets and interlacing bands. 
Variation in cell size and dopth of staining was frequent Mitotic figures were abundant. 
Invasion of bone and adjacent soft tissuo was widespread. There was considerable 
periosteal elevation with formation of Immature subperiosteal new bone. In areas scattered 
throughout tho periphery of the tumor there was nonneoplastic new bone formntion. Borne 
this vrns represented by immature osteoid tissue. 

The diagnosis of fibrosarcoma of rib was made. 

Tho patient resumed work as a sawmill engineer two and one-holi months after opera¬ 
tion and worked for a period of alwut five months. He died nine months after operation 
^th widespread metostases as suggested by a letter received shortly after hla death. 

Cask 3.—C. W., a 50-year-old white man, was admitted to the State University of Iowa 
Hospital* on Jan. 21, 1938, complaining of a growth in the right cheat wall for tlio past 
, three years. The mass together with the sixth and seventh ribs had been resected two years 
•previously at another clinic. The diagnosis had been “grade I fibromyxochondrosarcomn 
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Discussion. Although this was diagnosed as a 
when osteochondromas of ribs arise they should be 
section rather than “watching them for any change 
case for fifteen years. ° 


benign lesion, we feel that 
removed early by block re- 
” as bad been done in this 



B. 


D. 


.. Fig. 5 (Case 5).— A, Preoperative x-ray of patient with fibrous dysplasia_. rea 
rib. B, Photomicrograph (low power) of fibrous dysplasia of rib showing ahr 
of young fibrous tissue In marrow cavity containing delicate osteoid trabeculae. V, ros p 
tlve x-ray. D, Photomicrograph (high power) of fibrous dysplasia showing multinu 
giant cells In ceUular fibrous tissue and in Howshfp's lacunae. 


Case o.—P. M. 0., a 21-year-old white woman, a nurse, incident to a routine c ies 
roentgenogram, was found to have a tumor of the left sixth rib (Fig. 5, A), She ha no 
complaints. Laboratory studies revealed the blood and urine to be negative. The a 33 ^ 
mann was negative. Blood calcium, phosphorus, and phosphatase studies were "•ithni norm ^ 
limits. X-ray films of tlio pelvis, both femurs and knees, both shoulders, man < e, ^ 
spine showed no evidence of bony disease. On July 7, 1940, a block resection o 6 ^ 
volved rib was carried out, extending more than 2 cm. beyond the palpable tumor on^ 
side and including the adjoining intercostal muscles and the underlying pleura. 
tient’s postoperative course was uneventful. Becent follow-up examination an x ray 
show no evidence of recurrence. 
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time (Fig. 4, J and C). On Feb. Id, 10Hi, the muss wua excised, including cartilage and 
rib, woll away from tlio gross tumor. Included in the block resection were the adjacent 
intercostal muscles and 'underlying pleura. The defect of the chest wall was closed with 
the pectoral is minor muscle. 

Pathology. —Gross Description (Fig. 4, It > : The sifecimen consisted of a section of rib 
7.5 by 4 by 4 cm., to which was attached intcicu'diil muscle*. The central portion was 
greatly widened and was composed of lobulntod tnu^es of cartilage. One surface waa cov¬ 
ered by ihiny pleura. On section the lobulated nm^es wero seen to bo composed of dense 
cartilage. The overlying pleura was thin but iutru-t. The nttachod tissues appeared to be 
displaced rathor than invaded. 

A. C. 



^ 4 < Ca *° 1).— A, Photocmph of parent ■ewn^rib^wlth at- 

at the left second costochondral Junction. .^Ho^nnd oblique x-ray views of osteochon- 
J^heJ Intercostal muado and pleura. O, Mtcochondroma of rib 

X°"» of left second costochondral junction. D. Pho pmicroKrapn 
showing arejL* of calcification in relatively mature hjallno cartilage 

Microscopic Description (Fig. 4, D ): Sections taken from various 
riptcry revealed varying degrees at cartilage maturity. In some areas there was fairly mature 
tjMia* cartilage with disorderly calcification and cartilage cell column armngemenh There 

namoroos'seattered focal areas of senescence and oalclficat.on. Sluggish eadochoad™ 
ossification was seen. A few areas la the perichondrium showed “ ore J DUm,tn ” 

"ith multifocal areas of proliferation. However, this did not appear to be mvtunvo ra nature 
ln ^ the appearance was consistent with that of a benign car ginous umor. 

Diagnosis was osteochondroma of the second rib on the 

The patient’s postoperative course was uneventful. A recent follow-up report from the 
Physician for whom the patient works states tliat she is well at the present time. 
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i (^ase 6).—vl, X-ray of hemangioma of left ninth rib. B, Photograph of rib in 

volved by hemangioma after partial fixation In formalin and longitudinal sectioning, vana u. 
Composite photomicrograph of hemangioma of rib. Note the very thin capsule separating me 
tumor from the pleura. 
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g. 7 (Case 7 ).—-Aj x - 


-4. 

■ray, view showing osteoid osteoma of left ninth rib. B, Fhotomi 
of osteoid osteoma of rib. 
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Pathology. —Gras* Description: Tiio specimen was a 7.5 cm. segment of rib. In the 
4,5 cm. of one extremity tho medullary canal was dilated from the normal width of 2 mm. 
to 0 mm. At one extremity of tJiia widened portion was n Boftened, round, tr ansl ucent area. 
The trabeculae of bone wero condensed around this mass. 

Microscopic Description (Fig. 5, IS and D ): The marrow apace of the rib was re¬ 
placed by masses of young fibrous tissuo appearing in whorls and interlacing bands. In 
some arau there was direct metaplasia to bone in this cellular fibrous tissue. This bone was 
seen In the form of slender delicato irregular trabeculae. Many of these were represented 
by immature osteoid tissue which blended into the young fibrous tissue. Tho conspicuous 
osteoblastic appositional bone formation seen in osteoid osteoma was lacking. In some 
areas there were fairly numerous multinuclented giant cells lying in apposition to reactive 
new bone and in tho cellular fibrous tissue. Home of these were lying in largo Ilowship’s 
lacunae. No blood pigment or lipoid-laden cells were seen. 

Diagnosis was fibrous dysplasia of rib. 

Discussion .—This ease is quite typical of fibrous dysplasia of n single bone. 
As in 12 of 29 cuses reported by Schlumberper, this case presented no com¬ 
plaints; it was found on routine x-ray of the chest. The histologic picture is 
similur to the changes ill the “Albright syndrome.” However, this patient pre¬ 
sented no abnormal pigmentation of the skin nor any endocrine dysfunction. 
Lichtenstein and Jnflfe, Scblumberger and others have described this lesion in 
considerable detail. The prognosis is good. 

Case 0.—C. 8., a 22-year-old white woman, was admitted to the State Univorslty of 
Iowa Hospital* on Sept. 5,'10413. In IMS sho had noted u swelling which she described a* 
bring about “one-half the sixe of a hen'* egg" in the region of the loft ninth rib posteriorly. 
This was soro to pressure. There was nover any local redness nor systemic reaction. The 
lump lasted about ono Aveek and then it and the Jixsociated symptoms disappeared. Approxi¬ 
mately threo weeks before admission to tho State University of Iowa Ilospital the patient 
•gala developed a sharp pain and soreness in this region. The local doctor took x-rays and 
noted a tumor of tho left niuth rib (Fig. 0, J). IIo then reforred her to the State Uni- 
wnity of Iowa Ilospital. 

Physical examination revealed a firm mass on the loft ninth rib posteriorly, about 3 by 
3 by 3 cm. iu sixe, extending from the posterior axillary lino posteriorly about 4 cm. 
It was not tendor and thoro Avns no local erythema. Laboratory studies revealed the urine 
to be negative. Blood counts, and blood calcium, phosphorus, and phosphatase determinations 
were within normal limits. 

On Sept. 0, 1040, a block resection of the entire left ninth rib including adjacent inter- 
. rental muscle* and underlying pleura was carried out. A segmont of the eighth rib was 

removed to facilitate wider excision. The postoperative course was complicated by hemo- 
thoT*x which responded satisfactorily to thoracenteses. Recent follow-up report* from the 
Patient', referring physician state that she is in perfect health. Eoentgenograms flhow no 
^ridenco of recurrence. 

Pathology .—Gross Description (Fig. 0, D ): Tho specimen consisted of a segment of rib 
mcw ®ing 10 cm. in length. Near the vertebral end of the rib the normnl structure was re- 
P^ccd by an intrinsic tumor wliioli measured 4.5 cm. in its greatest diameter. In the other 
^eter it was 4 cm. Its length along tho coarse of the rib was 8 cm. The tumor Was 
filiform in shape. On extemnl inspection there was no gross evidence of the tumor break- 
! *g through the parietal pleura or the intercostal fascia. However, in one spot there was a 

tear in tho parietal pleura \Thlch may have extended into the tumor. After sectioning 
tbs rib in longitudinal direction after partial fixation in formalin, it vras seen that there 
*** only a shadowy outline of the pre-existent osseous structure of the rib. This outline 
*omo expansion and irregular replacement with soft friable red tumor. Peripheral 
10 the outline of tho rib rtrnctoxe, there wore radiating tplculen of rather friable new bone 
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' SUMMARY 

■ 1. The literature regarding primary rib tumors has been briefly reviewed. 

Fifteen cases since a comprehensive review by Sommer aud Major in 1942 are 
listed. Seven additional patients operated on at the State University of Iowa 
Hospital are reported upon. 

2. Pain and tumor arc the most frequent complaints. 

3. Trauma as a possible etiologie factor is discussed. We believe that pair 
and/or a tumor persisting after trauma should not be considered lightly but 
should be investigated thoroughly as possibly being due to a rib tumor. 

4. Tiie diagnosis of primary rib tumor is discussed in some detail. 

5. We believe that early wide excision including resection of periosteum, 
underlying pleura, and adjacent muscles is the treatment of choice for all pri¬ 
mary rib tumors. 

Addendum .—Since this paper was submitted for publication another patient with a 
prlmarj’ rib tumor has been treated. The patient, a 33-year-old white man, had had a painful 
tumor of the left tenth rib for at least one year. The mass had been biopsled in December, 

1947, and was found to be an osteocliondromyxosarcoma. X-ray treatment was given. On 
March 29, 1918. at the Iowa Methodist Hospital, a radical excision, including a portion of the 
diaphragm which was Invaded by the tumor, was carried out. When last checked on July 30, 

1948, the patient appeared well. 
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la the w-eallod “flimray” appearance. In 50 mo areas there was more of a “honeycombed” 
ippcaranco and tho interstices were filled with this enmo rather mushy red tumor tissue 
which grossly resembled hemangioma. At the vertebral borders of tho tumor extending in 
nodular manner under the parietal pleura tho tumor appeared to bo composed more largely of 
wit tiisuc with less reactive new bouo. One margin of the tumor was composed of rather 
homogeneous Arm yellow material. At this place it wus tightly attached to overlying inter¬ 
costal fascia. 

Microscopic Description (Fig. fi, D): In all tho sections decalcified there urns evidence 
of hemangioma to us tissue which was invading and replacing the normal bono and marrow. 
Large blood-filled venous cavcrnao lined by venous ondotholium varied greatly In sire. These 
were present between active and sclerosing tmbeculno of bone. The supporting structure 
of the vascular elements was composed of cellular connective tissue nml a reticulum con- 
■ tabling some interstitial fluid and hyulinized tissue. These supporting cells contained no 
mltoKS. Tho supporting tissue contnined some lymphocytes and some oxtmvnsntcd red blood 
frill. Bony trabeculae showed some destruction and irrcgulor formation with irregular 
htueUao and cellular arrangement. Tho periosteum was for the most part intact about tho 
cortical limits, but one area suggested outgrowth through periosteum. No extensive signs 
of invasion or malignant tendencies wexc present in any sections. In no plnco did the 
tumor show invasion of pleura, but in Homo areas it was Ropnratod from the pleura by 
only a very thin capsule (Fig. 0, C). 

Diagnosis was hemangioma of the rib. 

1 . Case 7.*—W. W., Jr., a 11-year-old white boy, was admitted to the Btato University of 
lows Orthopedic Clinic on Sept. 7, 1014, with a complaint of pain in the region of tho left 
ninth rib for tho past seven to nine months (Fig. 7, J). On Nov. 21, 1941, a subperiosteal 
resection of the proximal 2 ¥j inches of tho left ninth rib was carried out. Tho clinical ding- 
bmU was enchomlromu or osteoid osteoma. The lost follow-up examination on April 11, 
1&45, showed no recurrence. 

Pathology. —Gross Description: There were three pieces of bono representing tho prox¬ 
imal portion of the ninth rib. Thero was a tumor 1 inch long and % hwb thick, covered by 
apparently normal cortex. Inside there was a mass of sclorotic, whitish irregular bone. No 
cartilage could be seen macroscoplcnlly. 

Microeeopio Description (Fig. 7, B): Two slides were studied. The tumor mass wua 
’aade of osteoblastic tissue with abundant bone formation. In tho center of tho mass this 
bone was quite donse but at the periphery tho osteoid wus very immature, irregular, and tho 
°*teoblasU wero quite anaplastic in appearance. In tho cellular peripheral areas many of the 
<*teobIasts had abnormally largo and hyperchroniic nucIoL Scattered mitoses were present. 
This area resembled osteogenic sarcoma and in one area the cortex of tho rib was being 
invaded. 

Diagnosis was osteoid osteoma, unusually cellular—anaplastic at margins. 

Discussion. —The clinical course together with central sclerosis gives the 
typical picture of an osteoul osteoma and it is felt that the lesion is probably - 
classified in this group. Because of the extreme anaplasia and cellularity pe¬ 
ripherally it is felt that the prognosis should be somewhat guarded. 

Three patients (Cases 4, 5 and 6) were operated upon by one of the authors 
(R.AJ).) -with the policy of wide excision being earned out. These three, as 
well as one other (Case 7), are still alive and well; the others have died. We . 
would not imply that the wide excision in Cases 4, 5, and 6 is responsible for the 
patients' survivals but wish only to emphasize our present policy of this type 
of ther apy for. all primary tumors of rib. 

TrMffti! 043,5 waj ' reported with a *er!e» of oateold o*teoma* In J. Bone * Joint Sur*. 
l3iT> 
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Before operation this boy had developed certain complications, any of which 
might have proved fatal. First, the convulsions in the left side of the body 
followed by a partial paralysis of the left foot, may have been caused by throm¬ 
bosis, as is so often seen in patients with a polycythemia. It is also not im¬ 
probable that the cerebral symptoms may have been due to the entrance of air 
into the vessels, at the moment of the rupture of a cavernous space in the lung, 
particularly in this ease, since the convulsions and hemoptysis occurred simul¬ 
taneously. . 

Second, during the last few years some dilatation of the heart both to the 
right and left had occurred. So it is probable that, without operation, a de¬ 
compensation of the heart would have occurred after some time. 

Third, the quantity of blood which was expelled dining the hemoptysis was 
large and it is possible that with a subsequent hemoptysis he might have drowned 
in his own blood, as recorded in some of the published cases. 

It is important to note that in all the published cases of angioma of the 
lung, other blood vessel tumors, if they were present, were always situated on 
the head and specially on the lips or at the back of the neck, as in this particular 
patient. A possible explanation of this may be that since embryologically the 
lungs are developed from a groove in the ventral wall of the pharynx, or in 
the head, it seems reasonable to assume that tumors arising from the mesenchyme 
in this region may be found in both the lung and the head. There were similar 
findings in the eases of Janes, 1 Maekler and Zion, 2 Lindgren, 3 and Goldman. 4 
It is our opinion that these eases strengthen the theory of congenital origin of 
cavernous angiomas of the lung. The angiomas found in the family of the 
patient, who has been described by Adams, Thornton, and Eichelberger, 5 iveic 
also situated on the head. These latter cases evemsuggest the probability of the 

disease originating in the germ cell. ' 4 

The same theory is sustained also by the cases described by Gol man, 
which concern two brothers, who both suffered from angioma of the lungs. 

So it must be possible to find this disease in very young childien. - 0 
of the cases published up to this time concern adults. And as the mease 
is progressive and after many years shows a dangerous influence 011 
heart, the angioma of the lung should be operated upon as eaily as possi 

REFERENCES 


1 . Janes, E. M.: Brit. J. Surg. 31: 270. 

2. Alackler, P. T., and Zion, D.: Arch. M. Sc. 211: 201. 




CAVERNOUS ANGIOMA OF THE RIGHT LUNG 

I. Bokhkma, M.D., and R. P. Builman, M.D. 

Amsterdam. Holland 

T HE number of coses of cavernous angioma (fistula artcriovcnosum, an- 
curysma arteriovenosum) of the lung which have been recorded Is still so 
Hiiiall that the history, diagnosis, and tmitment of such a case are worthy of 
presentation. 

CASE REDOUT 

U. 1L E, a boy, wire born Feb. 4, 1937, one month p-rciimtuicly. lie wob cyanotic at 
Llrth, apparently by strangulation. The evnnosi* soon diminished, although the hands 
remained somewhat blue in color. 

At the ago of 10 months, the patient developed whooping cough and pneumonia, and 
in 1039 he had scarlet fevor. In July, 1030, *>u \ my film, u round, speckled shadow was 
found in the lower part of tho upper lob** of the light lung. 

Since tho Mnntoux reaction was positive, the b»n wu** ctm>hlcn**l to have tuberculosis 
*nd was sent to a sanatorium for one year. Cyum»s*is at that tine was very flight, but there 
was marked clubbing of tho Ungers and toes. 

During October, 1014, tho patient had several henopt>-<rs. «*>metimes man* titan 100 e.c. 
being expelled. Furthermore, ho developed comuUue nenemeiits in the left bide of the 
body. At this time ho won distinctly rynno.-ed and ovei n slant p**ruid there was a souffle 
•udiblc at all the valves of the heart, while the heart it->'lf show**’! ‘■omc enlargement to the 
left. 

In Dccoiubor, 1044, ho suddenly becunie imeonscii us. lie war dyspneic and 

cyanotic, and at the same time coughed up some blood, but in five m.nu'es tie* condition had 
improved, although u partial paralysis of the left foot remained. 

August, 1045, clubbing of fingers ond toe** wu** still obvious. At the back of tiro 
Deck, there was a spot tho sire of a ijvartcr wit it telangiectases. The patient hud at 
oae time coughed up 300 c.c. of blood. There wo* uo souffle to be heard at the heart or 
^Lewhere in tho thorax; tho electrocardiogram showed a regular action with n conduction time 
of 0.15 ventricle 0.07 and negative T,; no preponderance of right or ieft. Thore was also 
a distinct polyeythemla ('0,040,000 red blood cells). The circulation time after Injection 
of 2 c.c. magnesium sulfuto was 14 sccoudt*. 

On tho x-ray film of the cheat, tho tonne shadow was still visible, now distinctly con- 
‘ a«ted with tho hlluw by a broad bandlike shadow. Since the shadow on tho x-ray film re¬ 
mained unchanged in slzo and foruj, the diagnosis of tuberculosis was given up and although 
there had been no signs or symptoms of heart disense Hie patient was then for several 
yean mapected of having congenital heart discos*. However, after some timo this diagnosis 
*«? reviewed, when wo thought thnt tho patient hud a cavernous angioma of the lung. 
Thii diagnosis woe proved correct at operation. 

Operation was done April 8, 1947, under oudotnicheal closed other anesthesia,* After 
^ovol of tho seventh right rib, tho thorax was opened und in the lower part of the upper 
kbe of the lung a Inrgo number of dark bluo tumors could bo seen. They projected above 
«urfaco of tho lung liko domes and somo of thorn were as largo os a clmrry. These 
were round, very soft on palpation, nnd pulsated slightly with each heartbeat. Thoy 
diminished a little in sire during inspiration. On compression the tumors disappeared. A 
•Hght tiirill could bo felt on direct pnlpution of tills part of the lung. Tho diagnosis 
°* ^ernou* hemangioma proved to bo correct. It was then assumed-that there was a 
large shunt between arterinl and venous systems in the long -and this was proved by 
marked dilatation of the pulmonary artery and vein of this lobe. The symptoms of 
i ^Pati ent before operation could nil be explained by these findings. 

Received for publication Sept 1, 1047. 

Operation by Dr. Boerema, anesthesia by Airs. Venneulen-Cranch. 
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medicine have been done on fit individuals, who were not undergoing a surgical 
operation. These have shown that there is great individual variation in toler¬ 
ance for anoxia. The anoxic anoxia produced by 14,000 to 18,000 feet of alti¬ 
tude, which produces an oxygen unsaturation of the arterial blood of 16 to 25 
Per cent, if maintained for an hour will be harmful to the average healthy 
individual, and very occasionally will be fatal. 0 

The method used in this investigation was to record continuously the level 
of arterial oxygen unsaturation during and immediately after major thoracic 
operations by means of an oximeter. This is an instrument developed by G. A. 
Millikan 4 which, by means of color filters and a two-channel photocell, gives a 
continuous recording of the oxygen unsaturation in the blood of the fully dilated 
capillaries of the ear. Many calibrations against direct determinations of 
arterial oxygen content are reported in the literature to confirm that the instru¬ 
ment is reliable, 3 and in the present investigation the readings have beeu 
checked against determinations of the oxygen content of samples of arterial 
blood taken during operation, as determined by the Van Slyke technique, and 
it has proved accurate. 


Observations have been made in 70 cases, as follows: pneumonectomy, 12; 
lobectomy, 27; exploratory thoracotomy, S; other thoracotomies (for example 
esophagectomy) 8; thoracoplasty, 15. All these operations have been done under 
intratracheal ether-oxygen anesthesia, with the exception of the thoracoplasties 
which were done under intratracheal cyclopropane. 


In none of the thoracoplasty cases was there any significant fall in oxygen 
saturation. However, in the other fifty-five cases, in which the pleural space 
was opened, the oxygen saturation was subject to surprising swings. Invariably, 
when the bronchi are sucked out there is an abrupt fall to a level of 25 to 30 
per cent oxygen unsaturation, followed by a rise over a period of two to three 
minutes to the mean level for that patient. This rise to the mean level occurs 
within ten seconds if positive pressure anesthesia up to 15 nun. of mercury is 
applied. In addition to these violent swings as the result of suction or positive 
pressure, there is in many patients, as the operation progresses, a gradually m 
creasing degree of oxygen unsaturation commonly to 8 to 18 per cent, wnc 
corresponds to an altitude of 15,000 feet, and occasionally from 18 to 30 per cen . 

Of the 55 thoracotomj" cases studied, the first 5 were discarded because o in 
complete data, leaving 50 cases. Of these 24, or 48 per cent, showed no 
unsaturation; 11, or 22 per cent, showed 4 to 8 per cent; 11, oi 22 pei c > 
showed 8 to 18 per cent; and 3, or 6 per cent, showed over IS per cen 
unsaturation. One patient developed obstruction of the eontia a eia 
bronchus, which could not be relieved; he rapidly developed oxygen un 
tion of over 45 per cent and a few minutes later died of aspijxia. ^ ^ 
This gradually increasing oxygen unsaturation can be pievente 
rented by the application of positive pressure anesthesia at a 0 non . 

of mercury. That this phenomenon is not due mere y to in a ■ ° after , 

functioning ipsilateral lung is shown by the fact that the use 
the bronchus on this side is clamped. 



ANOXIA DURING INTRATIIOUACIC OPERATIONS 
A Preliminary Retort 

F. G. Keroix, M.D., U. 11. Bean-, M.D., and \Y. Paul, B.A. 

Toronto. Canada 

T HE word anoxia signifies a deficiency in tlu> supply o£ oxygen available to 
the cells of the body. The cells which earliest suffer irreparablo damage 
are those of the cerebral cortex, so that in clinical practice it is cerebral anoxia 
which is significant. A degree of cerebral anoxia sufficient lo produce recog¬ 
nizable signs seldom exists after general surgical procedures, but the fact that 
it can bo an important factor in death after major thoracic operations was 
brought to our attention by three postoperative deaths in a period of two 
years with clinical and post-mortem evidence of fatal cerebral anoxia. 

Tbo signs of severo cerebral anoxia an' restlessness, irritability, twitchings, 
tachycardia, hyperpneo, and rising temperature, leading to coma and death. In 
a patient who hus been subjected to a major operation these may be interpreted 
as signs of shock, heart failure, or pulmonary atelectasis. At post-mortem the 
signs are not striking nor characteristic, and may be overlooked. In those 
patients who survive eighteen hours or more after tile onset of the condition 
there will lie cerebral edema. 3 After thirty hours careful histologic study will 
show changes in the brain, 1 but many' patients do not survive that long. It 
is probable that more deaths have occurred from cerebral auoxia than havo 
been recognized. The picture of "irreversible shock" seen during World War 
II seems to bo identical. 

Anoxia is classified us anoxic, anemic, stagnant, or histotoxic. In this in¬ 
vestigation wo have been concerned with the anoxic type, hut it must be borne 
.in nund that during an operation there may be enough blood loss and shock 
to produce a degree of anomiu and stagnation sufficient to contribute appre¬ 
ciably to the total anoxia. 

During a thoracotomy- the ipsilutcral Jung is collapsed, and the blood flowing 
through it, which is not being oxygenated, constitutes a shunt of venous blood 
to dilute the arterial blood from the functioning contralateral lung. The burden 
oxygenation of the blood falls on the contralateral lung and, particularly if 
it is diseased or has been decreased in volume by a previous lobectomy, anoxic 
anoxia might be expected to develop. Two of our fatal cases followed lobectomy 
in patients with bilateral bronchiectasis who bad previously had partial resec¬ 
tion of the opposite lung. 

, There is littlo information available in regard to the degree and duration 
^wwrin which is likely to he harmful. Investigations carried out in aviation 

Investigation won Initiated at the suggestion of Professor Robert M. Janes- 
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ANOMALOUS PULMONARY VESSELS 

Richmond Douglass, M.D. 

Ithaca, N. Y. 

•“pHE technical advances in thoracic surgery which have made lobectomy and 
1 pneumonectomy relatively safe operations have emphasized the clinical im¬ 
portance of anomalies of the vessels supplying the lungs. Prior to these advances 
in chest surgery, observations on these vessels have been recorded for the most 
pai t by anatomists or pathologists. Reference, to their occurrence and a classi¬ 
fication of the more significant types are lacking in surgical texts and standard 
anatomic works. Berry, 1 moreover, commented in 1941 on the fact that there 
is little in the literature regarding the vascular anomalies of the Mia of the 
lungs and urged that they should be reported when encountered. His statement, 
together with recurring reports of vascular anomalies related to bronchiogenic 
cysts and experience with three eases of this type, has prompted a review of the 
problem and the report of these eases with a further case through the courtesy 
of Dr. Ethan Flagg Butler. 

McCotter, 2 in 1910, reported the finding of “an apparently rare ease” of 
a pulmonary artery arising from the thoracic aorta and collected nine cases from 
the literature. These are summarized in Table I. Batts, 3 in 1939, reported 
another case and discussed the einbryologic aspects. His case, and others re¬ 
ported by nonsurgical workers subsequent to McCotter’s review of 1910, are 
presented in Table II. 

Brody, 4 in 1942, reported a case of anomalous pulmonary vein, and sum¬ 
marized 102 such cases previously reported in the literature. Partial drainage 
of pulmonary veins into the systemic circulation occurred in 68, and of these 74 
per cent reached maturity. Compere and Forsyth, 5 discussed this condition 
and pointed out that the surgeon should be aware of the occurrence of these 
anomalies. 

The first full report of a case of an anomalous pulmonary artery encountered 
during surgery was that of Harris and Lewis, 0 in 1940. This article also re¬ 
viewed the comparative anatomy and embryology of accessory pulmonary ai- 
teries and veins. Death from hemorrhage occurred in their case. Arce,' in 1943, 
reported a second case in detail. To these reports, four cases are now added. A 
fatal hemorrhage due to the anomalous vessel occurred in one of these also. 


CASE REPORTS 

Table III presents the available data on anomalous arteries as reported by 
argeons. It includes six instances where brief mention only of the vesse as 
ieen made, two reports in personal communications, and the six cases ie P 01 
n more detail. It would appear that these vessels have been encoun eie 
•elative frequency by thoracic surgeons. 

Road (by UUe) at the Twenty-seventh Annual Meeting of The American 
or Thoracic Surgery - . St. Louis, Mo., May 28, -9, anJ 30 1 • Ithaca, New Pork. 

From the Surgical Service of the Hermann M. Biggs Memorial Hospital, itha 
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When a patient is under general anesthesia there are no significant changes 
in respiration, pulse, or blood pressure to indicate a serious degree of anoxia, 
and cyanosis is a late and unreliable sign. 1 Our anesthetists now watch the 
oximeter and apply positivo pressure ns indicated. As a result, in the latter 
part of the sorics there havo boon fewer eases showing anoxia. 

A further observation which may be of some importance is that at tho 
termination of operation, when the patient is changed over from breathing the 
anesthotic mixture with its high oxygen content, to breathing air, there is in¬ 
variably an increase in the oxygen unsaturation of 6 to 10 per cent A few 
cases havo been followed for several hours after operation and the level has 
gradually risen to approximately normal over a period of two hours. Tho 
use of an oxygen tent lias decreased I he oxygen misafnration by only two 
per cent 

None of tho forty-nine patients who survived operation showed any recog¬ 
nizable ovideneo of cerebral anoxia in the postoperative period. 

To explain theso observations it is suggested that during intrathoracic 
operations there is, in about 50 per cent of oases, a gradual diminution in the 
efficiency of the contraluteral lung duo to increasing atelectasis associated with 
a progressive shift of the mediastinum. This lung is re-expanded and its func¬ 
tion restored by tho application of a positive pressure of 15 rum. of mercury. 
The sudden profound fall in arterial oxygon saturation associated with bron¬ 
chial suction is probably duo not only to sucking out oxygen, but also to a tempo¬ 
rary increnso in tho atelectasis by negative intrabroucli'ml pressure. Spasm 
induced by tho irritation of the suction catheter may also be a factor. 

From this investigation, to date, it is concluded that with this method of 
anesthesia a significant degree of anoxic anoxia may occur dining major intra¬ 
thoracic operations, that it is probably duo to a progressive atelectasis of the 
contralateral lung, and that it can he prevented or corrected ly the use of 
positive pressure anesthesia. Since anoxia during operation cannot be recog¬ 
nized by clinical signs, the use of the oximotcr is a valuable addition to the 
technique of major intrathoracic operations. The investigation is being con¬ 
tinued. 
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Table m. Anomalous Pulmonary Vessels 






ASSOCIATED 

VESSEL OF 1 


author 

YEAR 

AGE 

SEX 

PATHOLOGY 

ORIGIN 

LOCATION - 


Harris and 
Lewis 6 
Moore 10 

Berry 1 

Haiglit 11 

Haight 

Arce 7 


Brown and 
Bobbins 12 
Brown and 
Bobbins 12 
Terrell 11 


Bugden 16 


1940 

1940 

1941 

1942 

1942 

1943 


5 P Abscess L L L 

- - Infected cyst LL 

BLL 

- Cyst L L 
_ - Cyst L L 

15 M Bronchiectasis L L L 


Aorta, 

thoracic 

Aorta, 

thoracic 

Aorta, 

thoracic 

? 

1 


1944 2d Cyst in acc. lobe Aorta, 

' * "" ' L L L thoracic 

1944 51 M Cyst, bronchogenic 2 large 

LLL veins 

1944 4S F Bronchiectasis LLL Aortn, 

(secondary to bron- thoracic 
chinl adenoma) 

10 -Ui F Unresolved pneu- Aorta, 

monin LLL with thoracic 
suppuration 


2 cm. above diaphragm 

1 cm. above diaphragm 

Below hilum 

Below diaphragm 
Below diaphragm 
Through diaphragm, 2 
to 3 cm. outside peri¬ 
cardial attachment to 
central tendon 
Above diaphragm 

Through diaphragm 


Inferior to inf. pul¬ 
monary vein; 4 arteries 
were 7 mm.; 3 were 
3 mm. to 2.5 cm. long 


Present Reports 


1939 

15 

F 

Infected cyst (I) 
LLL 

1940 

22 

F 

Abscess of lung 

Li L L 

1941 

20 

F 

Congenital cyst 
LLL 

1945 

13 

M 

Congenital cyst 
LLL 


Aorta 

Aorta 

Aorta 

Aorta 


Below diaphragm (?) 

Below hilum 

Lower border of pul¬ 
monary ligament 
Between parietal pleura 
and diaphragm muscle 
fibers 


She was admitted Nov. 4, 1938, x-rays showing “<eavity ” att tha hdt base pos^ q{ 
itlr « level. Open drainage teas cSLlung «««» 

lickened pleura was noted and the correct * ° Lobectomy wa s therefore done m two 
leneral condition improved but lesion pers * J t anomalous vessel running 

tage3 . On March 30, 1939, the lower lobe J^overed at the lowermost pel • 

rom either an intercostal artery or the aorta but nQt secticm ed at tins stage, 

'his vessel, approximately 6 mm. in diameter, nns «o . a sutU re Ugature because 

U StagTs onMay 9, 1939, the vessel pressure, and would ; p^ 

,f its size. “Pt continued ° x ; >; ee ^^ ec10 my, completed by mass hgaUcm, f ° im ^ 

,o be an anomalous artery. Pnmolete healing occurred by July 1 > 

ocalized empyema and br.nelunl Mnlm Co»P»>« 

jnticat tvaa discharged, symptomlesa, Jay n-Uitn, married. »« 

recurred at intervals frarn 1932 to i[— on density ■« 

1939 became foul. X-ray ™w ^ ^ present. outlined area of 

admitted inly h, 1040, r.eutgen^"SdV.l present. 

* 7 “riMritnr u. - - 
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RETORTED DY . I YEAR | APE 


Bektorxik 

Rokitansky 

lingo 

Humphrey 

Simp*ou 


1801 “Girl” 
1801 3 mo. 
1878 Newborn 

1883 lyr. 

1007 Term 
fetus 


| SIDE | QRIOIN j LEVEL - 
A. Anomalous vesscL* 


[ ACCOMPaINYINO vein 


Aorta 
Aorta 
7th inter¬ 
costal 
Aorta 
Aorta 


10 Dorsal 
10 Dorsal 


10 Dorsal 


+ (2 artoriea) 


Comment 


McCotter* 

1010 65 

R 

Aorta 

7 cm. abovo 
Celiac axis, 





level of 10 
Dorsal 


1777 Syr. 

R 

Aorta 

7 Dorsal 

Matt gar* 

1802 7 yr. 

R&L 

Aorta 

Below 

diaphragm 

Meckel 

1820 9 mo. 

L 

Aorta 

1 cia. above 



diaphragm 

lljTtl 

1831) Newborn 

L 

Aortu 

Thoracic 


7 mra. artery to nght 
lower lobe 


To right lower lobe 

3 mm. artery branches to 
right and left lower 
lobes 

p mm. artery' to left 
lower lobo 

Only vessel to loft lower 
lobe 


A review of those cases indicates the occurrence of an associated broncho¬ 
genic cyst in u significant proportion. We suggested in 1!>41 that 1 10 re a ion 
might 1m of significance. The accumulating evidence indicates that these solitary 
bronchiogenic cysts are congenital in origin and that they an 1 frequent j accom 
panted by anomalous arteries which are almost entirely congenita in origin a so. 

The two most significant types of unomalous arteries appear to be (1) those 
arising from the aorta and passing laterally to the lung. This is t o type l 
scribed by McCottcr. It is possible that these are related to the artery described 
by Turner, 13 which is not infrequently found traversing the pidmoiiary ligament 
and giving nil nrlcriul supply from uortn to lung. (2) he ot er group o 
arteries arise lower down cither at or just below the level of the diaphragm. 
They are of the type described by Batts. These are particularly hazardous 
.from the standpoint of surgical approach. 

Table II. Anomalous VehseiaS-Patuolooio Reports _ 


reported by 


i side 


ORIGIN 


Butt*, SL J.» 
Park* 

DoeriDg* 


Meuke* 


1039 

1012 

1014 

1030 


com ment 
lower lobe 


60 


o Pplitic axis To right lc 

R Right phrenic nrtery Baae of right lung 
r T^omiJmto artery Anomalous origin of the 
right pulmonary artery 

-r . Right eubcl avion Followed right bronchug— 


It would appear that emphasis should be placed on the possibility of en¬ 
countering anomalous vessels when surgical extirpation is being earned out of 
a lesion which falls within the category of bronchiogenic cysts. 

CASE 1 (B. M. H. No. 5371).—D- 

^e"er r—d under TZ 

.l r , . ® ,| hnHp - couch continued but was moderate. In 

“Wring a persistent rarefied area at tho left base, g 
M37 .ymptoms increased, .putmn "Luted bad,” “nd cough wa* Kiere. 
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attack the basal adhesions when all other structures had been separated. This could be easily 
done, and finally the lobe was free except for these dense adhesions. The pleural cavity had 
been entered through the seventh interspace, and the adhesions were at the level of the 
tenth interspace or lower. It was difficult to.obtain free and unobstructed visibility of the 
adherent area. The dissection wns proceeding slowly, partly by blunt dissection, partly by 
scissors dissection, when there was sudden severe and uncontrollable hemorrhage. In spite 
of all efforts it was impossible to prevent a fatal outcome. 

After the death of the patient it was possible to identify a branch from the aorta 
arising just below the reflection of the pleura from posterior mediastinum to diaphragm, 
and just above the libers of the diaphragm. This branch was about 5 mm. in diumeter. It 
was very short and had obviously been under traction at the time that it had beea cut. It 
must have immediately retracted into tho depths of the field, and the stump was too short 
to grasp. 


Comment .—The tragic outcome in this case would probably have been 
avoided if adequate exposure of the anomalous vessel had been obtained through 
a lower interspace. This experience emphasizes the necessity of being on guard 
for congenital vascular anomalies when face to face with even presumptive con¬ 
genital structural anomalies. 

SUMMARY 

1. The surgical importance of anomalous pulmonary vessels is apparent. 

2. Reports relating to anomalous pulmonary arteries and veins in the ana¬ 
tomic and pathologic literature are tabulated. 

3. Four cases encountered during operation are reported. 

4. Ten eases previously reported by surgeons are summarized. 

5. Two types of anomalous pulmonary arteries are - reported by both pa¬ 
thologists and surgeons, the more common type rising from the aorta below the 
hilum, the second arising from the abdominal aorta or celiac axis. 

6. In the pathologists’ material anomalies are approximately equally dis¬ 
tributed between the right and left sides. 

7. In the surgical cases the vessel was on the left side in ten, on the right in 
one, and the side was not specified in three. The associated pulmonary pathology, 
was an infected cyst in eight instances, a fact which suggests that multiple con¬ 
genital anomalies were present. 

The author wishes to express his indebtedness to Dr. E. F. Butler for his interest a 
stimulating suggestions, since the first case wns encountered on his service in Ithaca m 
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into tho substance of the left lower lobe. This anomalous vessel was about 1 cm. long be¬ 
tween the aorta nnd the brunches which spread into tbo left lower lobe substance. Tho 
diameter was about 4 mm. The vessel was doubly ligated and sectioned. Lobectomy was 
completed by individual ligation. A localized empyema developed and was drained. He aling 
occurred October 10. The patient was discharged Oct. 12, 1040, free from cough and ex¬ 
pectoration.- 

Tho pathologist reported that tho anomalous vessol entering the lower part of tho lobe 
could bo traced by means of serial cuts—und extended inferior to the main abscess cavity, 
branching out into liner radicles toward tho bilunj. 

Case 3 (B. ALU. No. 11184).—M. E. J., aged -0 years, female, white, single. The 
onset ot Illness was la January, 1038, with latitude. Productive cough began August, 1939 , 
followed by twelve pound weight loss. X-ray studies August, 1039, rovculcd bronchiectasis 
im] possibly pulmonary cyst. Surgical treatment was refused by the patient at this time. 
Persistent productive cough subsequently caused her to accept operation. 

She was admitted Jan. 20, 1041, x-ray views suggesting abscess of left lower lobo with 
fluid level. Lobectomy in one stage by individual ligation technique was dono Feb. 12, 1941. 
At tho very lower end of tho pulmonary lignment an anomalous uitory approximately 4 mm. 
ia diameter, arising from the descending aorta, entered tho substance of tho left lowor lobe. 
After this artery had been ligated and sectioned, tho left lowor lobo could bo easily delivered. 
Tho postoperative eourwj was uneventful and the putient was discharged on March 14, 1041. 

X-ray films were made of tho excised lobe before and after instillation of skiodan in 
the anomalous vessel. The distribution is related to the area of cyst. 

The pathologist described the Btump of n relatively thick-walled vessel 0.7 cm. in 
diameter situated medially and posteriorly about 2 cm. above the diaphragmatic border. This 
teamI was teen on section to travel with branching anteriorly and posteriorly skirting the 
border* of a large excavated area. A section of tho vessel stained for elastic tissue showed a 
very distinct internal elastic layer which in places presented fine undulations. In the media 
there wot a considerable amount of clastic tissue. Tho changes in tho long parenchyma 
itrongly suggested congenital cystic disease. 

Case 4 (A.O.M. H. No. 26719).—H. B., male, 13 years of oge, white, schoolboy. Tho 
patient had had **asthmatic symptoms’* since childhood. There had been four attacks of 
"pneumonia," the first in May, 1938, and the others at approximately two-year intervals. 

1039 the condition wns diagnosed "congenital cysts of tho left lowor lobe" with asso¬ 
rted bronchitis and chronic asthma. Previous studies bad demonstrated at least fourteen 
cystic pockets in tho loft lower lobe, sometimes with, sometimes without fluid levels. Never 
there been any evidence of pathologic processes Involving tho left upper lobe or any 
portion of the right lung. The boy lived as a semi-invalid because of dyspnea and other 
*Mhmatic symptoms." Nutrition, howover, was maintained at a satisfactory IeveL 

The patient had been admitted to tho Amot-Ogdcn Memorial Hospital (Elmira) from 
tbne to time for diagnostic study or medical treatment Ho was admitted for definitive 
•orgoiy on March 25, 1945. Three days Inter, the general condition being satisfactory, a 
^^t lower lobectomy was undertaken. At operation the findings were reported as follows: 
On opening the left pleural cavity, tho left upper lobe was free and quite normal in appear- 
**** ^d texture. Tho left lower lobe was irregular with ballon-like, bluish, cystic areas 
bdertpersed through apparently normal lung tissue. Tho left lower lobo was everywhere free 
°f adhesions except over tho diaphragm and at the lowermost posterior border where it was 
d®n«ly adherent into the sulcus between diaphragm and chest wall, in the spinal gutter. 
^ later developed tlrnt the anomalous artery lay at this point. It was abont 5 mm. in 
“Teeter, and it opened directly from tho lowermost thoracic aorta, definitely above the 
jbaphragm but below the pleural reflection. In other respects the hilar structures were normal 
hi their anatomic pattern, and the fissure between the upper and lower lobes was reasonably 
developed. 

The unusual adhesions at the left base created a problem that required special handling, 
a* tho anatomic structures in tho pedicle of the lobe were easily accessible, it wns 
<lec ^ e ^.to carry out all the steps ot lobectomy by individual ligation technique and then 
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Table I. Cases op Ectopia Cordis Reported 


Author 


Number 


1. Collected by Blatt and Zeldes - a , -- 

i: 33 «*»«>» by „„„„) g ( " th ^ 

Puddu & Cammarella (1938) 

Kuhnel (1940) 

Sosyal (1940) 

George (1945) 

4. Present ease report j 


Total 


142 


thirteen months (Greig). 8 The longest duration of life in the infants with com¬ 
bined thoracoabdominal hearts was four months. With the exception, of Greig’s 
ease all of the infants who survived more than one year had abdominal hearts. 
The most striking case was that reported by Deschamps who described an autopsy 
on an old soldier who had died of suppurative nephritis. The left kidney was 
found to be absent and in its place was the heart within its pericardial sac. The 
vessels passed through a small hole in the diaphragm. Epigastric ectopia also 
is not incompatible with life as a number of case reports describe patients in 
whom an epigastric heart could be grasped in the hand. Two patients were seen 
when pregnant. One patient was said to be apparently well at the age of 75 
years. 

Many of the cases had associated congenital anomalies. As might be ex¬ 
pected, most of these associated anomalies were cardiac. Greig, in reporting 38 
cases from the literature, stated that 2 patients had trilocular hearts, 3 had 
bilocular hearts, 6 had two superior venae cavae, and 4 had multiple anomalies. 

In those cases in which electrocardiographic tracings have been obtained 
the findings have not been striking. Lintgen 9 reported only slight variation 
in rhythm. Puddu. and CammareUa 4 carried out extensive studies to determine 
the direction and speed of the electrical impulses at various points on the atria 
and ventricles. These studies served to corroborate the accepted findings in 
animal experimentation and confirmed the studies of Barker, Macleod, and 
Alexander. 13 Barlow 10 felt that the studies in his case tended to disprove the 
blood vessel theory of conductivity but his tracings revealed some inconsistency. 
In making tracings with the conventional leads no deflections were noted, indicat¬ 
ing that there was no difference in potential between the two halves of the bo y. 
When, however, tracings were obtained from electrodes on the surface of t e 
heart and the extremities there was a much greater deflection with the electio e 
on the right leg than when it was placed on the left. This is difficult to un er 

Table II. Distribution by Site of Defect _—- 

~ Site ~ 

—’ ' Thoracic 

Abdominal 

Combined thoracoabdominal 
Cervical 

Unclassified .. 

_———- Total 




ECTOPIA CORDIS 

Report op a Case With Attempted Operative Correction 

Francis Byron, M.D. 

Ann Arbor, Mich. 

T IIE term “cctopiu cordis” lias been used to describe all anomalies in which 
the heart is not within the thoracic cage. Although the congenital defect is a 
rare one I have found 141 cases in the literature, probably because the anomaly 
Is such a startling one that mast of the cases that have occurred have been re¬ 
ported. As far as 1 have been able to determine only five attempts have been 
made at surgical correction of this lesion and it is for this reason that this case 
report is made. 

Tho first description of the anomaly is variously ascribed to Haller or to 
Martinez, both reporting eases in 170G. Weese. in 1818, was apparently the 
first to attempt un anatomic classification of the lesion and used the terms (1) 
ectopia cordis cum sterni flssuru, (2) cctopiu cordis suprathoracica, and (3) 
ectopia cordis subthoraeieu. Townsend, in 1833. preferred the terms (1) cer¬ 
vical heart, (2) pectoral heart with fissure of the sternum, and (3) abdominal 
heart with a defect in tho diaphragm. Perhaps a fourth type, the combined 
thoracic and abdominal, should ho added. 

Blatt and Zoldes 1 reviewed the literature in 1042 and found reports of 
52 eases, occurring between 1700 and 1938. Roth, 3 in a collective review pub¬ 
lished in 1939, was ablo to find record of 83 cases in addition to those listed 
by Blatt and Zcldcs. In addition to the case reported here, I found five add¬ 
itional ease reports, making a total ol' 142 cuscs. 

The location of the ectopia was, in 9 cases collected by Roth, 3 not accurately 
described so that exact classification was not possible. Of tho remaining 133 
^scs, the site of the defect is shown in Table II. 

Of the 52 cases collected by Blatt and Zcldes,’ 19 infants were premature, 
16 wero full term, and in 17 the poriod of gestation was not reported. Of these, 
11 wero stillborn, 13 lived less than twenty-four hours, 11 lived one to seven 
days, 3 lived eight to thirty days, 3 lived one to two montlis, and 8 lived one 
}ear or more. Duration of life in 3 was not reported. The life expectancy varies 
considerably with the site of the ectopia and with tho presence of associated 
abnormalities. Many possessed no covering for tho heart, tiie myocardium being 
opposed, as in the ease here roported; in others a pericardial sac was present and 
in some skin was also present over tho defect in the thoracic wall. In sevoral of 
the abdominal ectopias no defect was visible. 

The prognosis is poorest in the cervical site. Of two cases reported one 
■nfant was stillborn and ono lived a few hours. Of 30 with thoracic ectopia 5 
' t ’ ere st illborn. The remainder lived from ono hour to sixteen days. One lived 

From the Department of 8urEory. Unlveralty of MIchlGan Hospital. 

< b y title) at tho Twonty-acvonth Annual MaeUnsr of The American Aaaodatlon for 
coracle Snraery, St, Loula. Mo.. Moy 23. 29, an.l 3(1, 1947. 
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stand in view of the failure to obtain deflections in the conventional leads which 
would indicate a lack of potential between the two extremities. The tracings 
obtained by Blatt and Zeldes were not strikingly abnormal. In our ease the 
findings were without value as they were taken with a moist saline pad on the 
heart. 


CASE REPORT 


Baby Girl.S. was referred to the University of Michigan Hospital for surgical' cor¬ 
rection of an external heart and was admitted eighteen hours after delivery. The period of 
gestation had been normal with the exception of hyperemesis gravidarum during the first six 
months. The mother had had no previous pregnancies. The delivery was described as normal. 
Upon admission the temperature was 9S.4 degrees, the hemoglobin 15.4 Grn., and the leucocyte 
count 19,GOO. 



Fig. 4.- 


-The heavy lino represents the Incision uscJ to t fon.i a skin flap and gain access 


The physical examination was not remarkab e ^ ffas coniplet ely ex¬ 
manubrium was present but the sternum was totally- absent. R wa3 vert ical in 

ternal and uncovered by any membrane, the myocardium be. ^ against 

position with the apex, which was bifid, pointing strng P > moistened . The blood 
the infant’s chin. The heart surface dried readily and M artery tein g absent, 
flow through the coronary artery, which was single "g d wMc h shortened 

raoH ..a®,- be «K». The at,i. eeu.ie.ed .< •>» 

upon contraction but decreased little m caliber The ngl > inferior to the lower 

left. The great vessels entered the heart through a ~o • u[ * onary ar t er y could be dis¬ 
order of the manubrium. The vena cavae, the aorta and _P ^ an irregu i ar area 

tinguished.' The skin below this opening was absent and ^ umbilieua . This area had 
of grayish gblntjnous-appearing tissue which extended . - The prom inence of the 

ISy the shape of the heart when it was placed against the body 
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subjected to operation by other authors, correction of the defect does not appear 
to be feasible. . 
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NOTICE 

Tho twenty-ninth annual meeting of the American Association for Thoracic Surgery will 
bo held on March 29, 30, and 31, 1949, in New Orleans, La. Headquarters will be at the. 
Roosevelt Hotel. 

Requests for hotel reservations should be mailed direct to Dr. Alton Ochsner, 1430 Tulane 
Avenue, New Orleans 13, La. 

Abstracts for presentation of papers for the 1949 meeting must be received for con¬ 
sideration by the Program Committee, on or before Jan. 1, 1949. These abstracts should be 
submitted in quadruplicate und addressed to the Secretary of the Association, Dr. Brian Blades, 
George Washington University Hospital, 901 23rd St., N.W., Washington 7, D. C. They 
should not be sent to the Editor. The early date of the 1949 meeting makes it absolutely 
necessary that these abstracts be received before the deadline date. Abstracts recehed after 
Jan. 1, 1949, will not be considered. 

Manuscripts for competition in the Rose Lamport Graff Prize should be sent c irec y 
to the Secretary of the Association not later than Jan. 1, 1949. 



BYRON: ECTOPIA COKDIS 


721 


upper abdomen was striking and it appeared tliat this prominence was due to the protrusion of 
the livpr beneath tho wcakoned nbdomlnnl wall. 

A motion pieturo, in color, of tho functioning heart was obtained. The x-ray views 
revealed tho absence of an intrathoraeic heart. 

It wa* explained to tho child’s fother that operation offored little chanco of correcting 
the defect but he was cxtromely anxious to have an attempt made. From an operative stand¬ 
point a number of difficulties presented themselves. First, tho absence of normal skin in¬ 
ferior to tho heart made placement of an incision difficult; second, it was probable that the 
heart would not tolerate displacement from the vertical position; and tliird, thcro seemed 
to be no plnco to put tho hoart. 

Under ether nnesthesiu an incision was made homontollv from the opening in the mid- 
lino and carried down vertically toward the left nipple. The skin and subcutaneous tissuo 
was then undermined to the common cartilages, giving exposure almost to tho midllne. Tho 
pleura was thus exposed and tho absence of a pericnnlinl sne verified. The only way to place 
the heart beneath the skin Hup wna to place it within the loft pleural cavity and this was done. 
However, the cardinc beat l>ccamo very weak when this mnneuvor was carried out and ac¬ 
cordingly it was returned to its original position. Another attempt was made but again tho 
beat became feeble. Since further procedure seemed fruitless the rhest was closed under 
■light positive pressure and tho skin resutured. At the mnclutdun of the operation the cardiac 
beat was exceedingly feeble and failed to respond to the intracardiae injection of adrenalin. 
Death occurred approximately twenty-two hours after birth. 

Tho post-mortem examination reveulcd ft tetralogy of Fallot. There was hypoplasia of 
the pulmonary conus and nplosin of the root of tho pulmonary ortory, a widely patent ductus 
arteriosus, an interventricular septal defect, and a largo patent fornmen ovnlc. Only tho left 
coronary artory was present. There were also an incomplete descent of the cecum and 
abdominal ascites. 


DISCUSSION 

Previous attempts at operative correction have focn made by Cutler and 
Wilens, 11 Bloch, 12 and Hofmann. 3 I have learned that E. Finocehietto also at¬ 
tempted the operation hut did not report the case. In Bloch’s case the child 
lived seven days after the heart was placed beneath skin flaps but its action was 
impaired and the sutures had to be removed. Iu Hofmann’s eoso the baby died 
during an attempt to place the heart beneath the skin. Cutler and 'Wilens made 
an oblique incisiou downward from the ring and exposed the pleura. As in my 
case, tlie prominence of the liver prevented the creation of an adequate pocket 
for reception of the heart. When tho defect was nearly closed by approximating 
the akin flaps, the heart was throttled by the tension. Recognizing the futility 
of further attempts they removed the sutures. The child lived eleven hours after 
operation. The operative findings in each ease have been similar and it would 
appear the corrective attempts are not justified. 

The’absence of normal skin below the defect In the chest has been present 
in many of the cases. The best explanation of this is put forth by Barlow. Since, 
in this case, this skin defect was roughly the shape of the heart when it was 
forced against tho chest wall he felt that the constant pressure and irritation of 
the footing heart during uterine life was tho cause. 

summary 

A ease of ectopia cordis with an attempt at operative correction is presented. 
°n tho basis of tho operative findings in this case and in tho four other cases 
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tion necessaiy to establish the validity of conclusions on the efficaev of any 
therapeutic procedure used in the treatment of pulmonary tuberculosis, we rec¬ 
ognize that the period of postoperative observation in our present ease material 
is much too short. We therefore wish to present it only as a preliminary report 
to be followed, we hope, by a more thorough analysis when our series of eases 
las increased, and an adequate postoperative observation period has passed. 

All who have had experience with pneumothorax therapy for pulmonary 
tuberculosis encounter cases in which, after a successful pneumothorax has been 
maintained for the optimal time, the lung will not re-expand after pneumothorax 
refills have been abandoned. The percentage incidence of this complication is 
probably not large. However, reliable figures as to its frequency seem to be 
lacking in the literature. Farbcr 3 stated that in a limited experience roughly 
5 per cent of cases of therapeutic pneumothorax terminate in unexpandable 
lungs, hie reported the occurrence of 27 eases in 318 patients receiving pneumo¬ 
thorax treatment from July, 1939, to July, 1941, and emphasized its significance- 
as a clinical problem. John Alexander 0 discussed it as an indication for thora¬ 
coplasty. He gave us causes of the failure of the lung to expand: 

1. Extensive destruction and fibrous contraction of a greater part of the lung. 

2. A rigid, thick visceral pleural that is often the result of n pleural effusion or 

empyema. 

3. Stenosis of the large bronchi with resultant atelectasis. 

The inability of a lung to expand after the abandonment of pneumothorax 
refills usually results in (1) highly negative intrapleural pressures due to ab¬ 
sorption of some of the pneumothorax air. Clinically this may produce a dis¬ 
agreeable sensation of tension, dyspnea, and sometimes a pleural effusion, which 
recurs frequently following repeated thoracenteses (Collapsus imperatifs of 
Veran). (2) The drawing toward the chest wall of the collapsed lung together 
with the mediastinum and its structures, the trachea, heart, and great vessels. 
As a consequence the opposite lung may become overdistended and emphysema¬ 
tous, and latent tuberculous foci may be opened. The vital capacity may be 
actually decreased. Farbert' 3> 4 pointed out the dangers inherent in the “dead 
pleural space” as “chiefly empyema, tuberculous or mixed infection, and 
broncho-pleural fistula.” 

The remedial measures applicable to this situation have in the past been. 
(a) Indefinite continuation of therapeutic pneumothorax, (b) substitution o 
oleothorax for pneumothorax, (e) thoracoplasty. ^ 

In relation to the causes of nonexpandibility enumerated by Alexamei 
the first, extensive parenchymal lung destruction and fibrosis a “ f ® 1 ^ 

bronchostenosis and atelectasis, would still call for thoracoplasty. ^ 

„iven adequate consideration in planning any therapeutic appioac . - 
ms to the extent of lung destruction and fibrosis will depend m large n a ^ 

the appearance of the entire series of x-ray filmlandl the M a 

lapsed lung at the time re-expansion is contemplated V ^ ^ 

cause of nonexpandability can be ruled out by‘“mring of the mm or 
choseopy of a collapsed lung will reveal a slit-like nax 
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DECORTICATION OF TIIE NONEXPANDABLE POSTPNEUMOTHORAX 
TUBERCULOUS LUNG 

Daniel, A. Mulvhiux, M.D., .vnd Robert Klobstock, M.D. (by invitation) 
New- York, N. Y. 


E XPERIENCE oC tinny surgeons during World War II with the develop¬ 
ment ol pulmomiry decortication in the treatment of fibrosing traumatic 
hemothorax, both with and without infection, has awakened interest in the 
possible applicability of this valuable procedure to some of tho problems still 
unsolved in tho surgical treatment of pulmonary tuberculosis. 

.Sampson and Burford 1 in their recent article on “Total Pulmonary 
Decortication,” speculated on the possible applicability of early decortication 
in the treatment of acute or subacute total tuberculous empyema. There are 
sporadic references in the older literature to attempts at decortication in the 
treatment of tuliereulous empyema. Apparently the failure of the then used 
techniques, plus tho hazards and complications have prevented this procedure 
from.becoming a popular thcrajteutic measure for this indication. 

At the Twenty-sixth Annual Meeting of tho American Association for 
Thoracic Surgery, Muy, 194G, a paper was read by Dr. Frazer B. Gurd on 
1 Decortication in Tuberculous Empyema.” In the discussion of that paper 
one of us (D. M.) presented a brief resumfi of one of the case reports which 
make up the basis of this present paper. 

Wo wish to present the case muterial herewith as the early results of an 
attempt to apply the basic principles of pulmonary decortication to tho prob¬ 
lem of the postpneumothorax nonexpandable tuberculous lung. AVo have not 
found reference in the literature to tho use of decortication for this indication 
np to tho time of preparation of this paper. 

Fully realizing tho chronicity of the nature of tuberculosis, the proneness 
to recurrence and exacerbation, and the long period of postoperative observa- 
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V.l® ,ght 0f thls descnbed pathology, the feasibility of decortication in 
some of these nonexpandable cases must be admitted, and has been proved in 
the cases presented herewith. Even in cases that have a favorable roentgenologic 
appearance, it is usually quite impossible to foretell preoperatively whether°or 
uot a satisfactory decortication can be accomplished. This calls for exploratory 
thoracotomy, which with modern techniques and skillful anesthesia does not 
usually entail any serious consequences or complications to the patient even in 
the presence of an open lesion on the opposite side. Preoperative thoracoscopy 
has been tried, but as one usually sees only a space lined with glistening hya- 
linized fibrin, and is unable to visualize the lung or lobar outlines, or in fact 
any distinguishing anatomic landmarks, we have not found it of very much 
value. 


As for indications we are forced to depend so far on the theoretical deduc¬ 
tions in which we assume that decortication and resultant re-expansion of the 
collapsed lung would be of benefit to the patient. Until our series of cases is 
larger we cannot define or limit the indications more clearly. We have set up 
tentatively the following list of possible indications: 


1. To increase functional respiratory capacity when it is required 
to permit major collapsing procedure or resection for an open lesion 
on the contralateral side. 

2. To avoid extensive thoracoplasty for the obliteration of the pleural 
dead space. 

(a) When pleurul effusion is persistent or recurrent on attempted 
re-expansion. (Collapsus imperatifs of Yeran.) 

(b) When a secondary pyogenic non-tuberculous empyema is 
present. 

(e) When attempted re-expansion is resulting in the shifting of 
the heart and mediastinum toward the chest wall, and creating 
overdistention dangerous to the opposite side. 

3. Nonexpandability in the face of patient’s desire to abandon pneumo¬ 
thorax, and avoid indefinite refills. 


We have not included in our indications as yet tuberculous or tuberculous- 
pyogenic empyema, preferring for the present to observe our results in theo¬ 
retically less hazardous cases. We have also so far avoided attempting decortica¬ 
tion in any case which had a definite history of tuberculous empyema, oi a 
pleural fluid positive for tubercle bacilli at any time during the course of pueu 
mothorax treatments, even though presently dry or negative for these organisms. 

The question arises as to the danger of subsequent reactivation of the o 
tuberculous focus or reopening of the cavity by the rapid re-expansion o o\ 
ing decortication as compared with the more leisurely contro ec ie-cx; P 
under fluoroscopic observation usually followed in readily re-expan a j >• 
on abandonment of pneumothorax. Only long-time So 

series of cases will determine the percentage expectancy oi i(m as soon 

far in our series we have attempted to obtain maximum - P 
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branch bronchi. This condition is mechanical and is due to compression or 
angulation of tho bronclitts and it is not a hindrance to expansion. It should 
not bo confused until concentric cicatricial stenosis duo to previous inflammatory 
pathology of tho bronchial mucosa, which may bo a definite hindrance to 
re-expansion. 

It is with tile second cause of nonexpundnbility cited by Alexander 6 that 
we are concerned here, that is, the so-called rigid, thick visceral pleura. 
Farber, 3 ' * in summarizing the causes of nonexpandability stated, “The im¬ 
portant factors in. preventing re-expansion si-em to lie visceral pleural thicken¬ 
ing (pachy-pleuritis) and extensive post-tulierculosls parenchymal fibrosis.” 
We believe that this concept of a puehy-plruritix, or thickening and fibrosis of 
the visceral pleura, ls in ut least a great many of these cases a pathologically 
erroneous one. It bad often been noted ut postmortem examination of patients 
dying while under pneumothorax treatments that the hyalinized fibrous en¬ 
velope which encased the collapsed lung eould Is- readily peeled away from the 
visceral pleura, leaving the lutter intact and fairly normal in appearance except 
for small areas hero and there, especially overlying the most diseased portion of 
the lung parenchyma, where the underlying parenchymal inflammation had 
penetrated the visceral pleura and caused it to become intimately adherent to 
the envelope. With the advent of resection surgery for pnlmouary tubercu¬ 
losis, this condition was again noted in mobilizing a lung or lobe prior to re¬ 
section, if an unsatisfactory pneumothorax of some duration preceded the indi¬ 
cation for resection. 

Tile pathology then -is not always inflammatory thickening of the viscoral 
pleura itself, although that undoubtedly does sometimes occur particularly if 
the pneumothorax has licen complicated by a true bacillary tuberculous effu¬ 
sion. Not uncommonly it consists of the laying down of a hyalinized fibrous 
layer on tho ploura (Figs. 9 and 10) to which it is not intimately adherent in 
large part, but attached by. a thin areolar vascularized layer (Figs. 10 and 11) 
which muy be easily separated l>y blunt dissection, leaving behind an intact 
and, for the most purt, fairly normal and expandable visceral pleura. This 
fibrous cnvelopo (Figs. 5, 9, 10, uud 14) may vary from a thin transparent 
pliofilm-like layer to a thickness of 1/4 inch or more, hut regardless of thick¬ 
ness tho character of the loose areolar layer (Figs. 10 and 11) approximating 
tho pleura is tho same. 

Tills fibrous cnvelopo is in all respects similar to that described by De¬ 
lorme,’• *■» Lilientlml, 10 ' 11 and others in the older literature as boing tho under¬ 
lying puthology in nonoblitoratiug chronic postpneumonic pyogenic empyema, 
which permitted decortication and re-expansion in these cases, and more re¬ 
cently by Langston and Tuttle, 13 and Sampson and Burford 1 in their work on 
decortication for organizing hemothorax and posttruumatic empyema. Tho 
concept that the membrane which limited lung expansion was always due to in¬ 
flammatory fibrosis of the pleura itself was proved erroneous in tho case of tuber¬ 
culous empyema by Delorme, and in tho ease of pyogenic empyema by 
Lilicnthul, and was discussed by Sampson and Burford. 1 
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weeks. We are not prepared to comment on its efficacy, but will undoubtedly use it more 
freely in the future. We had planned to use it if eases showed any signs-of fresh activa¬ 
tion or tuberculous empyema following operation. 

ANESTHESIA 

We consider intratracheal anesthesia mandatory, and prefer ether-oxygen as the anes¬ 
thetic of choice, xYt the end of operation the trachea is cleared by catheter suction through 
the intratracheal tube. If there is any indication that the bronchial tree is not perfectly 
dry, or that there are retained secretions or bronchial plugging, imme diate bronchoscopic 
suction is done. This is repeated at any time during the immediate postoperative course, 
if atelectusis or retained bronchial secretions supervene. 


OPERATION 

It is unnecessary to give a detailed description of the operative technique as this has 
recently been so adequately done by Langston, Tuttle, and Crowley,i3 and by Sampson and 
Burfordi in their descriptions of pulmonary decortication for organizing hemothorax. Our 
choice of approach has been through a posterolateral thoracotomy incision with resection of 
the fifth or sixth rib. The technique of the decortication is the same a 3 described by these 
authors with this exception: in tuberculous cases when one approaches the diseased or 
former cavity-bearing area, one often finds that at this point the fibrous envelope is inti¬ 
mately adherent to the underlying lung, and at times shows evidence of tuberculous involv- 
ntent. When this condition is encountered, the encasing plaque is separated from all direc¬ 
tions toward the adherent area as far as easy separation is possible. The plaque is then 
cut around the adherent area leaving this adherent button attached to the underlying lung. 
In this way traumatizing the diseased portion of the lung and the danger of opening up old 
tuberculous foci are avoided. We should like also to emphasize the insistence of these authors 
on the complete freeing of the decorticated lung from all adhesions to the diaphragm and 
mediastinum, the freeing of tho interlobar fissures, and the freeing of all adhesions on the 
visceral pleural surface which are causing enfolding or distortion of the lobe. In tuber¬ 
culous lungs this freeing is, of course, carried out only over tho more normal undiseased 
portions of the luug, and scarring over the diseased portion is not disturbed. At the end 
of decortication and freeing of adhesions the luug is gently and slowly re-expanded by 
intratracheal positive pressure to see that maximum expandability, especially of the more 
normal portions, is obtninod. To maiutuin the expansion and ditun postoperative effusion, 
two No, 45 French right angled latex suprapubic drainage tubes are placed into the p eura 
cavity through stab wounds in the third anterior and eighth posterior interspaces, 
good expansion has been obtained and there is a minimum of residual pleural ihn na 
checked by x-ray these tubes are removed in forty-eight to seventy-two hours. nr 
operation fluid is administered continuously through a cunnulated leg vein using per e 
glucose in saline, and whole blood as indicated. Sufficient whole blood is given ^ 
aud immediately' following operation to repluce all blood loss and restore a norma 
globin and hematocrit reading. Penicillin, 100,000 units in 20 c.c. of so u 10I b 13 
in the pleural cavity- before closure of tho operative wound. 

POSTOPERATIVE CARE 

Oxygen is administered for forty-eight to seventy-two hours postoperative!) 
tent or intranasal catheter. If the vital signs are normal and there are no c ^ 

tions, patients are permitted out of bed following removal of the expansion aiadicated 
pleural cavity. Deep breathing exercises are also started on this da DJ ^ afld regu lar 
by pathology in the opposite lung. Fluids by mouth are s ar e p ' 

diet resumed as tolerated. 


CASE REPORTS 


admitted to St. Vincent's Bos- 


Case 1.—M. S., a 30-year-old white woman, a nurse, was admi e ^ m ^ of 

pital Jan. 30, 1946, with temperature of 103° F. and comp nop 
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a3 possible 1 postoperatively by means of an anterior upper, and posterior lower 
Xo. 45 Preneli intrapleural tulio connected with water-trapped drainage bottles. 
These tubes ure usually removed in forty-eight 1o seventy-two hours. We have 
considered the possibility of maintaining a pneumothorax after decortication, 
and permitting n controlled re-expansion with a view to avoiding reactivation. 
However, it seemed thut the ever-present danger of reopening old tuberculous 
foci on the pleural surface in the course of decortication demunded us rapid as 
possible obliteration of the pleural space for the prevention of a more serious 
complication, tuberculous empyema. So far we have no cause to regret this 
eourso of procedure, because none of our cases have developed a tuberculous 
empyema, or hud persistent pleural fluid, although we have at least three times 
ill the course of decortications opened into old tuberculous foci on the pleural 
surface. Neither have any of our cases to date Imd any reopening of the 
old cavities or reactivated lesions in the re-expanded lungs. We have noted 
under direct oliservution at the operating table after completion of decortication 
that the previous site of cavitation and maximum disease, due to parenchymal 
fibrosis nnd scarring of the visceral pleura in that area, docs not re-expand well 
even with intratracheal positive pressure. The obliteration of the pleural space 
is accomplished by normal undisclosed portions of the lung which push the 
fibrosed nonexpanding portion into the dome of the thorax or the costo¬ 
vertebral gutter. This has been further borne out by the postoperative roent¬ 
genograms which show the previous cavity-hearing area unexpended. 

In cases where docortieation is indicated, and in which the duration of 
pneumothorax is not deemed sufficient to achieve healing of the original lesion, 
or where the roentgenograms indicate some danger of reactivating an old cavity, 
we have contemplated doing a partial decortication and re-expansion of tho 
noadiseased portion of the lung, for instance an entire lower lobe, and leaving 
the diseased portion collapsed and encased in its limiting envelope. Then fol¬ 
lowing maximum expansion of the nottdiseased portion, u limited thoracoplasty- 
would suffice to obliterate nny residual pleural dead space. We have not yet 
encountered a suitable ease for this procedure. 

PRKOI’EBATIVE PREPARATION 

As the operation is elective and usually nonurgent, timo ond offort nre not spared to 
bring the patient to operation in tho bout possible condition physically nnd physiologically, 
Attention is given to obtaining normal hemoglobin nnd red blood ceU levels, normal blood 
protein, and augmented intake of vitamins. Bronchoscopy Bhould bo done on tbo patients 
,0 rale out nctivo tracheobronchial tuberculosis, nnd cicatricial bronchostenosis. Vital 
capacity determinations should be made, and respiratory functional studies of both lungs by 
broncliosplrometry sro valuable nnd should be done if facilities are available. Thoracoscopy 
-bas been done on some patients, but os mentioned previously, does not seem to contribute 
0 great deal of helpful information. Penicillin in dosage of 23,000 units every three hours 
b administered for forty-eight to seventy-two hours preoperntively and is continued post- 
°peentirely in increased dosage of 50,000 units every threo hoars until the vital signs have 
contained normal for forty-eight to seventy-two hours. Streptomycin has not been used 
foutJn e ]y preoperativoly in our cases to dote. In Cnse 5 it was given for one week preopera- 
bvely in dosago of 1 Gnu per day, and 1 continued for four weeks postoperatively at the same 
dosage leveL In Cnse 1 it was given postoperatively in dosage of 1 Gnu per day for four 



THE JOURNAL OF THORACIC SURGERY 


A A 


f: K ' } 5S ase 1 ) .-—Original tuberculous lesion, 193S. Caseous-pneumonic process with 
cavitation in left upper lobe. 

Fig. 2 (Case 1).—Status during pneumonthorax treatment, 1939 to 1915. Well-collapsed 
lung with flbrosls of upper lobe lesion. ^ r o pleural fluid. 




i -i 


Fiq-, 3 (Case 1).—March 26, 1946, hydropneumothorax. Nonexpendable collapsed 
not visible. Before left decortication. re-expanslon of left 

Fie. 4 (Case 1 ).—April 1, 1947, ten months after decortication snd r Not e supra-apical 
lung. Pneumothorax space completely obliterated. Lung w 1 lesion, 
organized fibrous cap and unexpanded llbrotlc lung at site of original 
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tho cheat, dyspnea, and nausea* X-ray examination revealed loft hydro pneumothorax with 
fluid to tho level of tho sixth posterior rih. No uoruied lung wj us visible on the left side. 
Right lung allowed no pathology. 

Past History, —Tho patient luul entered tho Iioapital iu August, 1938, with tho com¬ 
plaint of unproductive cough of five weeks' duration, loss of weight, and fatigue. X-ray 
views revealed a tuberculosis infiltration of the left apical region with a 2 cm. cavity, and 
sputum was positive for tuberculoma, Bhe was tmriMferrcd to a sanatorium where artificial 
pneumothorax was induced and a closed intrapleural pueuuianalysis for apical adhesions was 
done. An excellent collapse wub obtained, aud sputum conversion followed shortly. Bhe 
was discltarged from tho snuntorlum in the summer of 1939 to continue pneumothorax treat¬ 
ment at homo ns an ambulatory' rase. She resumed work as a nurso altout January', 194J, 
ond continued to work steadily* until the fall of 194.9. During this time pneumothorax refills 
were given at intervals of ten days to two weeks. Sputum remained consistently negative 
and them were no clinical or roentgenologic cridourea of activity. During the summer of 
1043 decision was made to abandon pneumothorax ond refills wero stopped. The collapsed 
long proved to bo noncxpnndnblo and pleural effn-ion develo^ied with symptoms of paiu and 
tension which required thoracenteses repeated at intervals of seven to ten days for relief. Sho 
had been having these thoracenteses up to the tiiuo of admission to the hospital in January, 
1046. 

Treatment. —•Thoracentesis was productive of 730 e.c. of tliin, amber, slightly cloudy non- 
odorous fluid from which was cultured Staphylo< occvh albun. It was negative for tubercle 
organisms on smear and culture. Jlcpeated thorn'-mtescs were douc at two-day intervals, re¬ 
moving from 250 to 500 e.c. of fluid of the snun elmmetei, and replacing in tho pleural cav¬ 
ity at the completion of each tup 100,000 units <*l penicillin. After the fourth thoracentesis 
tho vital signs returned to normal and symiptoi-iH subsided. Smears nn<l cultures from sub¬ 
sequent tups wero all negative for pyogens and tubercle Imrilh. Despite tlio fact that pleural 
fluid rcaccumulatcd, symptoms were minimal, and no further thoracenteses wore done. Tho 
patient was discharged from the hospital, and remained under observation at home. Sho 
roentored tho hospital in Juno, 1040, for attempted decortication and reexpansion and 
operation was done on Juno d, I94(J.. 

Operative Note. —Loft posterolateral thoracotomy incision with resoction of tho fifth 
rib was done. Fibrosed parietal pleura about Vv inch thick was incited and the hydropneu- 
mothomx space entered. This spaco extended from tho np<ix to tho diaphragm and occupied 
about 50 to 00 por cent of tho loft pleural cavity'. About 300 e.c. of slightly cloudy serous 
fluid were removed by suction, and sovoral handfuls of gelatinous fibrin wore removed from - 
the bottom of tho cavity and wiped from its lining walls. The cavity was lined by a firm, 
tough, well-orgnnixcd fibrous plaquo about Vi inch in tliickness with a smooth yellowish- 
white surface. Tho mid-portion of tliis plaque covoring the collapsed lung was carefully in¬ 
cised until the visceral pleura was reached, Tho edges of tho incised plaquo were grasped 
with Allis foreops and elevated and it was found that a distinct lino of cleavage could be 
doveloped between tho inner surfneo of tho plaque and tho intact visceral pleura. By careful 
and painstaking blunt dissection with guuzo tips, following this line of cleavage, it was 
P°s*Ible to dissect tills plaquo off tho entire surfneo of the collapsed upper and lower lobes. 

It was necessary to mnko a second intorcostnl thoracotomy incision in the eighth interspace 
to complete the dissection of tho fibrous plaque from tho lower portion of the lower lobo 
arui the diaphragm. Tho plaquo was thon resected around its periphory at its angle of 
reflection onto tho parietal pleura of tho chest wall. The portion of the plaque on the parietal 
pleura was left in place. The lung lobes wore then entirely freed up by separating the loose 
fine areolar adhesions between them and the remaining portions of tbo chest wall, roediasti- 
nnm . arid diaphragm, and the interlobar ftsauro won likewiso separated. The lung was then 
expanded by intratracheal positive pressure. Tho lower lobe and the lower two-thirds of the 
u PPcr lobo expanded fully and well. Tho upper one-third of the upper lobe, which was the 

of the original tuberculous lesion, was firm and flbrotic, and did not aerate. No. 45 
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Case 2.—K. D., a 29-year-old wliito woman, was readmitted to Triboro Hospital in 
September, 1945, for treatment of a tuberculous cavity in right upper lobe, and recurrence 
of positive sputum. 


Past Ihstory. Original admission to Triboro Hospital in June, 1944, with history of 
onset with cough, sputum, and fevor was in April, 1944. At that time the patient was 
in tho third mouth of pregnancy. Sputum was positive for tuberculosis. X-ray examination 
showed a largo thin-walled cavity in the loft apex. Loft pneumothorax was initiated in 
July, 1944, aud closed intrapleural pneumouolysis was performed in September, 1944. Dur¬ 
ing December, 1944, she was delivered of a full-term normal baby. February, 1945, a re¬ 
peat puuemouolysis resulted in complete collapse of tbo left upper lobe, cavity closure, aad 
sputum conversion. She was discharged from tho hospital in April, 1945, and continued 
pneumothorax treatments in the outpatient department. In July, 1945, sputum again 
turned positive and x-ray examination revealed a now thin-walled cavity in the right upper 
lobe. She was readmitted to Triboro Hospital in September, 1945. 

Status on, Admission .—General condition of the patient was good. Sputum concen¬ 
trates were positive for tuberculosis. Sedimentation rate was 38 pun., vital capacity 1,600 
e.c. Tomographic x-ray views of both lungs showed a 3 by 2 cm. cavity in the right apex, 
and no residual cavity in the collapsed left upper lobe. 

Attempted therapeutic pneumothorax on tbo right was unsuccessful. Due to low vital 
capacity it was considered essential to obtain some re-expausion on the left before right 
upper thoracoplasty could be undertaken. Left pneumothorax was abandoned but after 
several months the left lung failed to re-expand appreciably. X-ray appearance suggested 
that a thick fibrous plaque covered tho collapsed and enfolded lung. This was confirmed by 
thoracoscopy. Bronchoscopy in February, 1940, showed no intrnbronchial pathology. In the 
meantime on strict bed rest general condition of tlie patient and x-ray appearance of the 
right luug cavity remained unchanged. Vital capacity had dropped to 1,500 e.c. Decision 
was made to attempt decortication and re-expausion of tho left lung prior to right thoraco¬ 
plasty. On April 10, 194G, under intratracheal ethcr-Ch anesthesia a left thoracotomy and 


decortication of the left lung were performed. 

Operative Note. —Left posterolateral thoracotomy incision was done with resection of 
the fifth rib and entrance to the pleural cavity through its periosteal bed. The lung was 
found about GO per cent collupsed and broadly adherent to the cupola ns well as to the 
posterior and anterior chest walls. Tho entire lung was encased in a thick grayish-white 
layer of hyalinized fibrous tissue wliicli could bo separated from the visceral pleura by sharp 
and blunt dissection, leaving un intact and normal-appearing visceral pleura. CRor a sin 
area across the upper lobe this peel was firmly adherent and on separation of its 
edge the pleura was torn and a small caseous area denuded. Tho freed edge of the pee 
cut around this adherent urc leaving a round plaque about tbe size of. a quarter at ac 
to tbe lung. The lower edge of this plaque was sutured to tbe surrounding lung ^ 

cover the denuded caseous area. Very little oozing was encountered, and the lung m ^ 
readily except for the upper portion of the upper lobe which showed some puc ering, ^ 
failure of expansion with positivo intratracheal pressure in an area correspon g ^ 
previously diseased, and at present fibrotic, parenchymal portion. The f - v w(g 

part of the lower lobe and the lingula seemed to fill the chest completely. 0 J ^ 

then closed with interrupted sutures, after two L-shnped drainage tubes were p ace ^ 
pleural cavity, one in the second anterior interspace, and connected with wa ^ T j ie 

The wound was closed in layers; 500 c.c. of whole blood were given during op 


patient left the operating room in satisfactory condition. u ] m ost com- 

Postoperative Course.— Postoperative x-ray views showed immediate ant ^ ^ 
pleto re-expansion of the left lung. The previous cavity area m t 6 u ^ ctivation . The 
re-expand, and iu the ensuing months showed no sign of reopening eol]ection , which 
pleural space was obliterated except for a very small supra-npic removed at 

eventually partially absorbed and partially organized. The expansi 
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French latex right-angle drainage tubes were i>laccd into tho pleural cavity through stab 
wounds in tlio third anterior and seventh posterior interspaces. These were later connected 
with water-seal drainngo bottles. Tho two thoracotomy wounds were closed using inter¬ 
rupted, lnyor Hutures of chromic catgut, with continous line silk for the akin closure. The 
lung was ke|>t expanded by intratracheal, positive pressuro until closure was completed. 
Continuous blood transfusion hod been given during oporatlon. Blood loss was minimal, and 
patient's condition at the close of operation was excollont. 



Flff. 5 (Com 1).—Juxtapluural surface of peel removed at operation. 


Postoperative Course .—Postoperative convalescence was iuosJ satisfactory. Sho was out 
of the oxygen tent on tho third postoperative day and out of bed on tho fifth postoperative 
day. Wuter-scal expansion tubes were removed on tho fourth postoperative day. She con¬ 
tinued to hnve a slight elevation of temperature to 100° F. until the thirteenth postoperative 
day, aftor which the vital signs remained normal. Bho was discharged on the sixteenth 
postoperative day ambulatory and in good condition. Discharge x-ray views showed an 86 to 
90 per cent re-expansion of tho left lung with a small residual area of hydropneumothorax, 
leaving eventually a small dense shadow at tho left apex. 

In October, 1940, she resumed part-time work us a nurse for a trial period of one 
month, following which she resumed full-time work which she has continued up to the 
present. At no time has there been any clinical or roentgenologic evideneo of re-opening of 
the left apical cavity or reactivation of tho tuberculosis. There has been no cough or spu¬ 
tum, and gastric washings have been consistently nogutlvo up to October, 1047. 

Comment .—The indication for decortication in this case was obliteration 
of the pleural dead space resulting from a postpucumothorax nonexpandable 
lung and its accompanying recurrent effusions, once infected tvitli pyogens, and 
the avoidance of multiple stage deforming thoracoplasty to accomplish this. 
Tlie result to date has been most satisfactory. 
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Case 2—K. D., a 29-year-old wliito woman, was readmitted to Triboro Hospital in 
September, 1945, for treatment of a tuberculous cavity in right upper lobe, and recurrence 
of positive sputum. 


Past History —Original admission to Triboro Hospital in. June, 1944, with history of. 
onset with cough, sputum, and fever was in April, 1944. At that time the patient was 
in the third month of pregnancy. Sputum was positive for tuberculosis. X-ray examination 
showed a largo tliin-walled cavity in the left apex. Left pneumothorax was initiated in 
July, 1944, and closed intrapleural pneumonolysis was performed in September, 1944. Dur¬ 
ing December, 1944, she was delivered of a full-term normal baby. February, 1945, a re¬ 
peat pnuemonolysis resulted in complete collapse of the left upper lobe, cavity' closure, and 
sputum, conversion. She was discharged from the hospital in April, 1945, and continued 
pneumothorax treatments in the outpatient department. In July, 1945, sputum again 
turned positive and x-ray examination revealed a new tliin-walled cavity in the right upper 
lobe. She was readmitted to Triboro Hospital in September, 1945. 

Status on Admission .—General condition of the patient was good. Sputum concen¬ 
trates were positive for tuberculosis. Sedimentation rate was 38 pirn., vital capacity 1,900 
e.e. Tomographic x-ray views of both lungs showed a 3 by 2 cm. cavity in the right apex, 
and no residual cavity iu the collapsed left upper lobe. 

Attempted therapeutic pneumothorax on the rigiit was unsuccessful. Due to low vital 
capacity' it was considered essential to obtain some re-expansion on the left before right 
upper thoracoplasty could be undertaken. Left pneumothorax was abandoned but after 
several months the left lung failed to rc-expand appreciably. X-ray appearance suggested 
that a thick fibrous plaque covered the collapsed and enfolded lung. This was confirmed by 
thorneoseopy. Bronchoscopy in February, 1949, showed no intrnbronehial pathology’. In the 
meantime on strict bed rest general condition of the patient and x-ray appearance of the 
right lung cavity remained unchanged. Vital capacity- had dropped to 1,500 c.c. Decision 
was mude to attempt decortication and re-expansion of the left lung prior to right thoraco¬ 
plasty-. On April 16, 1946, under intratracheal ether-Cb anesthesia a left thoracotomy and 


decortication of the left lung were performed. 

Operative Note .—Left posterolateral thoracotomy incision was done with resection of 
the fifth rib and entrance to tho pleural cavity through its periosteal bed. The lung was . 
found about 60 per cent collapsed and broadly- adherent to the cupola as well as to the 
posterior and anterior chest walls. The eutiro lung was encased in a thick grayish-white 
layer of hyalinized fibrous tissue which could be separated from the visceral pleura by sharp 
and blunt dissection, leaving an intact and normal-appearing visceral pleura. Over a sma 
area across the upper lobe this peel was firmly adherent and on separation of its °' fer 
edge tlie pleura was tom and a small caseous area denuded. The freed edge of the pee Jins 
cut around this adherent arc leaving a round plaque about the size of. a quarter a 
to tho lung. Tlie lower edge of this plaque was sutured to the surrounding lung tussu®^ 
cover the denuded caseous area. Very little oozing was encountered, and the In* 1 !! 111 ^ 

readily- except for tlie upper portion of the upper lobe which showed some puceringj ^ 
failure of expansion with positive intratracheal pressure in an area correspon mg ^ 
previously diseased, and nt present fibrotic, parenchymal portion. Tlie free y ^P 
part of the lower lobe and the lingula seemed to fill the chest completely. T e p^ 
then closed with interrupted sutures, after two L-sliaped drainage tubes were p aoe^ . 

pleural cavity, one in the second anterior interspace, and connected with wa er - ^ TJl0 

The wound was closed in layers; 500 c.c. of whole blood were given during oper 


patient left the operating room in satisfactory condition. almost eom- 

Postoperative Course .—Postoperative x-ray views showed immediate and ^ ^ BOfc 
plete re-expansion of the left lung. The previous cavity area m the The 

rc-expand, and in the ensuing months showed no sign of reopening or which 

pleural space was obliterated except for a very small supra-apmai n removed at 

eventually partially absorbed and partially- organized. The expansion 
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Flff. t (Cano 2).—Jan. 4, 1016. left pneumothorax with nonexpendable lung. Right upper lobe 
cavity. Prior to left decortication. 



Fig. 7. 8. 


Fig-. 7 (Case *)._May 22, 1916, poxtdecorti cation. Complete expansion of left lung and 

obliteration of pneumothorax »pacc. Note poor aeration of flbroecd left apical urea, and 
•Qcreaaed alxe of right upper lobo cavity. 

tig. § (Ca*e 2)._Sept. J. 1947, seventeen months after left decortication. Fourteen 

month* after right thoracoplasty. 
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Fig. 12 (Case 3).—March 17, 1917, predecortication. Hydropneumothorax, right. Non- 
expandable lung after fourteen years of urtiflclul pneumothorax. 

Fig. 13 (Case 3).—Aug. 12, 1917, five months after decortication. Complete obliteration 
of the right pleural spuce. 
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Fig 14 (Case 3).—Fibrous plaque removed by decortication. 

Pig. p ' arietal pleura , R i &ht l8 plaque removed from visceral pleura- 
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forty-eight and seventy-two hours, respectively, niter oporation. Tho clinical course was 
benign and there was no adverse clTect on tho contralatorol losion. About one month after 
decortication tho vital capacity liad increased slightly to 1,600 c.c., and by July, 1940, it had 
increased to 1,900 ex. 

On July 10, 1940, an upper stage right thoracoplasty with removal of tho upper throe 
.ribs was performed. This was followed on July 31 by n second stage in which tho fourth, 
fifth, and sixth ribs and tho lower ono-third of the scapula were romoved. Sputum decreased 
bet remained positive and u small residual cavity was visualized. On Dec. 3, 1940, a revision 
of tho thoracoplasty was done. Following this operation cough and sputum practically dis¬ 
appeared, but threo-duy concentrates and gastric wat-hingn continued to show tuborcle bacilli, 
and tomograph studio# demonstrated a snmll residual cavity in tho costovertebral gutter. 
General condition was excellent, and there wits no dyspnea. Tho patient had gained twolvo 
pound* since tho original operation. 

On 3Iny 2, 1917, a second revision with intrapleural npirolysla and aupra-opical muecla 
transplant flunlly achieved cavity closure and sputum conversion. 

Comment—The object of decortication mid rc-expunsion in this case was 
to achieve sufficient increase in functional capacity to permit a permanent 
collapsing operation urgently indicated for cavity closure on tho contralateral 
side. That tho procedure was eminently successful lias been attested by the 
subsequent course of events. 

Case 3.—O. St., a white roan aged 33 year-, was admitted to Triboro Hospital Feb. 17, 
1947, with right pnouraothumx of fourteen year*' duration and noncxpnndnble long. 

Rust lliutory .—From previous history it 1- noteworthy tlmt tho disuse started in 1933 
when the patient developed a cavitary tuberculosis of the right upper lobo for which he • 
v*tu hospitalized and nrtlllcial pneumothorax instituted. A pnouinonolysifl was performed in 
1039 and the posit Ivo sputum converted. In 1935 he was discharged from tho hospital with 
tho pneumothorax maintained. Ho was well until 1939 when he developed a disseminated 
lesion in the left upper lobo, for wliich ho was treated on conservative therapy at Bellevue 
Hoipital nnd at Sen View Hospitals. According to tho patient’s statement, a cavity on the 
haft ndo developed and disappeared. In 1942, tho cavity on the loft aido reopened and the 
fputum turned positive. Kc-cxpnnaion of tho right pneumoihorax was attempted unsuccess- 
folly, resulting in a temporary hydropaoumothomx For this Inst episode the patient was 
hospitalized at Triboro Hospitnl from November, 1942, to April 1943, when he was dis¬ 
charged with negativo sputum. The patient was well for three yours. The pneumothorax 
was maintained during this time with moutJiIy refills to avoid symptoms of tension nnd 
recurrence of hydrothorax. 

He was admitted to Triboro nospitul March, 1940, and right phrenemphraxis was 
done to help obliterate right pneumothorax space. Ho was discharged in June, 1946. 

Status on Admission .—Sputum at tho timo of admission was still negative and all 
laboratory findings were normal. Vital capacity was 3,000 c-c. Bronchoscopy March 1, 1947, 
•bowed a collapsed slltliko right main bronchus but no stenosis. Reviewing the old x-ray pie¬ 
ces it was noticed that there was some re-expansion of tho lung between May, 1945, and 
^fnrch 17, 1947. Tho x-ray view taken on May 13, 1947, showed an almost completely 
Elapsed lung dotted with calcified foci. This view showed also an anterior herniation of 
the left lung into tho right pneumothorax space. The x-ray picture of March 17, 1947, showed 
the right lung about 70 per cent expanded. Tho right lower long field showed linear 
fibrosis and there was a calcification over the entire lung. Tho apex of the right lung 
•bowed emphysematous blebs and superimposed over the right long field jnst beneath tho 
chivicle one noted a semicircular line suggesting tho horniatlon of tho left lung through the 
anterior mediastinum into the‘right pneumothorax space. At the base of the pnoumothornx 
f Poce there was a low fluid level noted. 
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Of the space. The anterior upper portion was occupied by a herniated portion of the 
e t lung, posterior to which there was an apical cap of thickened parietal pleural and 
organized fibrin. The eostophrcnie angle was obliterated, and the shift of the heart and 
mediastinum to the right was about the same as it was preoperatively. 

Comment. The objective of obliteration of the right pleural space after 
artificial pneumothorax of fourteen years was achieved.. The result was highly 
satisfactory from the patient’s standpoint, as he was completely relieved of 
symptoms of tension and dyspnea, and stated that breathing was easier. He was 
in addition relieved of the necessity of periodic refills and thoracenteses for 
recurrent fluid. He lias been discharged from the hospital for the past four 
months and is able to work at his profession as a commercial artist. 

Case 4.—V. J., a 34-year-old white woman, was admitted to Triboro Hospital Dee. 10, 
104(i, from the outpatient department with the complaint of occasional intractable coughing 
spells. 

Past History .—Onset of tuberculosis was in the spring, 1939. Artificial pneumothorax 
was induced in April, 1939, for cavitary lesion of the left upper lobe. Pneumonolysis was 
done in November, 3939. Adequate collapse and sputum conversion were achieved in 
December, 1939. During the intervening years until this admission sho was in and out of 
sanatoriums and hospitals, and was followed a greater part of the time in the outpatient 
department of Triboro Hospital. Pneumothorax was maintained and sputum was always 
negative. During the year previous to admission attempts to ubandon pneumothorax and re- 
expand the lung were unsuccessful due to symptoms of tension, pulling, intractable cough, and 
development of small intrapleural effusion. 

Present Admission .—Pulse and temperature wore normal. Blood count and urinalysis 
were also normal. Sedimentation rate was 3 mm. per 1 hr. Sputum and gastric washings 
were negative for tubercle bacilli on smear and culture. X-ray examination showed an 
SO per cent left pneumothorax with a small pleural effusion. Tomographic plates of both 
lungs revealed no cavitary pathology. Bronchoscopy revealed no intrnbronchial cicatricial 
stenosis, but the left main bronchus was collapsed to a slitlike opening. Thoracoscopy done 
in February^, 1947, showed the pneumothorax spnee to be lined with hvalinized fibrous tissue 
which obliterated all fissures and other anatomic landmarks. Vital capacity was 1,700 c.c. 
The patient insisted firmly on abandoning pneumothorax refills after 1% years. Decortica 
tion was suggested and accepted by the patient with thoracoplasty to follow if re-expansion 
was unsuccessful. Decortieation was performed on Feb. 20, 1947. 

Operative Note .—Operation was performed with intratracheal general oxygen ether 
anesthesia. A left postero-lateral thoracotomy incision was made. The sixth 
resected from the transverse process to the anterior axillary lino. Incision was m ^ 
into the pneumothorax space through the periosteal bed of the resected rib. e P ar10 ^ 
pleura was thickened to about 14 inch, and cut with a hard, gritty feel. When ie 

mothorax space was entered it was found to be completely dry and lined wd fl ^ 

white, thick fibrous plaque. The lung was wholly collapsed against the ^ 

posterior costovertebral gutter, and held down by this thick fibrous plaque. 16 y^[-p 0r tion 
expansion of the lung whatever, even under positive intratracheal pressure. 6 
of the plaque over the lung was carefully incised until the visceral p eura w^ was 
Between the inside of the fibrous plaque and the visceral pleura a me o 
developed in which, by careful blunt dissection with gauze and witi a g ove ’ from 

plaque could be separated from the visceral pleura. The plaque was me , 
the lung and mediastinum anteriorly as far as its reflection on ie an a]ong these 
and posteriorly as far as its reflection on the posterior chest wall an F (Q tbe chest 
lines to the extremo apex. The plaque was then cut along its angle o r ^ of the 

wall and removed. Corresponding dissection was earned out on 



MULVIHILL AND KLOPSTOCK : DECORTICATION OF TUBERCULOUS LUNG 737 

Operative Note .—The decortication was performed March 21, 1047, under Intratracheal 
• general oxygen-ether anesthesia. The operative procedure in this case was rathor an exten¬ 
sive one. 

A right posterolateral thoracotomy' incision was made with resection of the sixth rib. 
Tho pleural cavity wan entered through the porio-tteul bed of the sixth rib. Tho parietal^ 
pleura was' about Vv inch tliick and composed of hynlinized fibrin. In the pleural cavity 
there were about 300 to 400 c.c. of elcnr, thin fluid slightly tinged with methylene blue, 
which had been .injected previously. The byolinircd fibrin plnquo eovored the entire pleural 
•paee. Tho luDg was moderately expandable under positive pressure. After removal of 
the fluid tho flbrin plnque over the lowor loin? was incited down to tho visceral pleura and a 
piano of cleavage developed between tho inside of the plaque ami the surfneo of tho lung. 
No real loose pinna of cleavage could bo found and dissection was tedious and difficult. 
.The thick hynlinizcd plaque was stripped ofT the chest wall nnd tho upper half dissected 
around tho apex with extremo difficulty. In dissecting the plaque away from tho upper 
mediastinum most of tho mediastinal pleura came with it, exposing the vonacavn and the 
phrenic nerve. After this portion of 1 he plaque had l>cen freed from the chest wall and 
mediastinum It was dissected otT tho remainder of the upper 1o1h\ A small portion of tho 
posterior apical area was composed of a large emphysematous bleb and tliia came away 
attached to tho plaque. Tho raw surfaeo of the lung thus exposed did not bleed nnd it 
was rcplenroliied by inverting the edges of the visceral pleura with a tine catgut suture. 

A similar dissection was then carried out to strip the plaque from the lower half of the 
thest wall and the lower and middle lobes. Her- ugnin the dissection was extremely diffi- 
cnlt, especially along tho mediastinal surface nn i over tho diaphragm, and finally, a patch 
of tho plnque about 3 inches in diameter was lefl attached to the diaphragm. It was neces¬ 
sary abo to lenvo a similar patch about 2 inch*** in diameter on the lateral surface of tho 
lower lobe. The lung was then ro-oxumined by positivo intratracheal pleasure. The remain- 
lag portion of tho upper lobe aerated and expanded very poorly; the lower lobe expanded 
fairly well and tilled about ono-lmlf of the chest eavity. The pleural cavity and lung were 
then sprinkled with strcptomycin-plarma mixture and 10(1,000 units of i>cnlcillin wore placed 
into tho pleural cavity'. Two No, 45 right angle Intex dminngo tubes were introduced into tho 
pleural cavity in the third anterior interspace, ami in the ninth lateral interspace, to bo later 
connected with water-seal bottles. Tho thoracotomy wound was then closed in layers with 
interrupted catgut sutures. 

Note .-—Tho procedure was extremely’ rough nnd shocking but tho continuous blood 
transfusion throughout tho operation maintained tho patient’s pressure at a level about 100 
and at the eloso of tho operation tho pressure was 110/70. Ho returned to tho ward in 
good condition. 

Postoperative Course .—Postoperntively tho patient received daily 1 Gm, streptomycin 
150,000 units penicillin parcnteraUy, and 50,000 units penicillin and 400 mg. streptomycin 
^lly into the pleural space for one week. Tho lung did not show immediate complete 
ra-expansion. Tliere wna residual pneumothorax at tho upex of the right pleural cavity, 
^1 also evidence .of air leakage from the lung noticed in tho wntor-seal systom for the 
first four postoperative days, undoubtedly duo to tho Injuring and snturlng of emphysenm- 

ta Q g tissue during the operative procedure. Fluid drainage was minimal. The lower 
drainage tnbe wns removed on tho fourth postoperative day. Tho upper tubo was removed on 
014 ei ghth postoperative day, forty-eight hours niter evidence of gross air leakage ceased. 

apical residual pneumothorax was deflated nt twenty-four to forty-eight hour intervals 
V removal of 30 to 50 cx. of air to maintain satisfactory negative pressures. On one of 
t ** ebe thoracenteses the herniated loft long was punctured by the ncedlo nnd tho loft trau- 
^tic pneumothorax resulted. This tension pneumothorax was tieated by continuous defla- 
"oa for forty-eight hours. The loft lung re-expanded and the cpiaodo passed without any 
The right pleural space subsequently became entirely obliterated (see postoperative 
Xra y picture, Fig. 13, Aug. 12, 1947). The ro-expanded right lung filled about four-fifths 
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Comment. This case represents a classical indication for decortication of 
a nonexpaudable lung. The tuberculous process seemed to have been arrested for 
over seven years. No bronchial pathology or extensive parenchymal fibrosis 
could be held responsible for the nonexpansion. The cause of the nonexpanda¬ 
bility seemed to be chiefly the constricting fibrous coating of the pleura due to 
the chronic pneumothorax. The annoying symptoms and the intense desire of 
the patient to abandon pneumothorax refills dictated some surgical procedure 
for the obliteration of the pleural space. The successful surgical re-expansion 
spared the patient an extensive multiple stage thoracoplasty with its resultant 
deformity. No adverse effect has occurred up to eight months postoperatively 
on the course of the arrested tuberculosis. 



pin. 17. 


Fig. 18. 


Fie. 17 (Case 5).—March 29, 1947, predecortication. Completely collapsed nonexp 
lung after four years of artificial pneumothorax. „ m nlete decorticatlon- 

Fig. 18 (Case 5).—Aug. 27. 1947, 2% months after technical complete paren chynml 

Residual pneumothorax space and failure of re-expansion of left lung ut - 
fibrosis. 


Case 5.—M. K., a white 33-year-old woman, was re-admitted to Tn oro 
ircli, 1946, because of fresh spread of tuberculous lesion in Tight upper 0 e - 
Past History .—Original admission to Triboro Hospital was in 
3 tory of onset of symptoms and diagnosis of pulmonary tuborculosis m e ? ’ diffus0 
ie patient had had no treatment prior to this admission. X-ray pie , g gma u 

idular infiltration of the right apex and left upper lobe; a lihe type 0 ^ of be( ] 

vities in the left lower lobe. Sputum was positive for tuberculosis. ^ ^ ^da- 
st until March, 1943, when a left pneumothorax was induced. In ear y ^ The 

re lesion occurred in the right upper lobe. Bronchoscopy at tins discharged to the 

itient’s lesion on the right showed resolution on strict bed rest, bli 
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plaqoe dissecting it free from tho lower lobe and tlic diaphragm, and then removing it 
Attempt wan then made to re-expand tho lung by positive intratracheal pressure, but it did 
not re-ex pund very well. There wns a rather marked intrapleuml fibrosis across the medial 
aspect of tho midlung field having a stellate character and broadening out into a fibrotic 
band about 1 inch in width which ran posteriorly. This seemed to keep the lung from 
expanding in this area, nnd it was imposMble to free it without owning into the lung tissue. 
Several ?mall bands of adhesions on the lower loin? nnil at its mpdial aurfaco were dissected 
free and this portion of tho lung re-exjmnded fairly well. Also tho anterior and upper 
parts of the upper lobo expanded fairly well. At one point, the dissection of tho fibrous 
plaque from tho lung loosened a small calcified tulsMcuIoua nodule about 2 mm. in diameter. 
This wns removed. Thoro wuh no puruleut or ('nscon** reaction around it. The ro-oxpanglon 
of tho lung was disappointing. I would estimate that ubout only a 50 per cent re-expansion 
of tho lung wns achieved. Xo attempt was made to remove the fibrous lining from the 
parietal pleorn. Two Xo. 45 French right angle perforated drainage tubes were placed into 
tl»e pleural cavity through stub wounds in the third anterior nnd eighth posterior interspaces, 
to be later connected with water-seal btdtles. The thoracotomy wound was closed in layers 
using interrupted No. 1 chromic catgut suture-* throughout. During operation 1,000 c.e. 
of whole blood, and 500 ex. of 5 per cent glucose in saline were administered. The patient 
left the operating room in good condition. 



Fig. IE. ^ 1S - 


FIff. 15 (Case 4)._Fob. 18, 1047. nonexpendable lunc after seven years of artificial 

Paeu motho rax. 

Fig. 10 (Cate 4)._April 7, 1947, six weeks after decortication. Complete ro-expantion 

of left lunff with obliteration of pleural space. 

The postoperative courso wns uneventful. The lung re-expanded readily and filled the 
hamithornx. This was surprising and gratifying in view of-the less optimistic expectancy 
daring operation. Tho drainage tubes were removed forty-eight ami soventy-two hours, 
respectively, after operation. Tho vital capacity did not increase in the first four post- 
°Pcrative weeks over tho original 1,700 ex. but the patient stated that breathing was much 
easier and felt more efficient. She was discharged May 2, 1947, from the hospital. Bho 
, gained seven, pounds after operation over her original weight on admission. Up to October, 
3 °47, there has been no evidenco of reactivation or reopening of old cavities. 
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procedure. In Cases 3 and 4, the objective was the abandonment of pneumo¬ 
thorax refills and the obliteration of the pleural space without resort to multiple 
stage thoracoplasty. In Case 1 the indication was obliteration of a postpneumo¬ 
thorax space subject to recurrent pleural effusions, which had once been infected 
with pyogens and sterilized by penicillin therapy. In Case 2 the objective was 
an increase in the functional capacity to permit urgently indicated thoraco¬ 
plasty for contralateral cavity. The clinical results in these four successful 
cases have surpassed expectations. These four cases have had periods of post¬ 
operative observation of sixteen months, eighteen months, eight months, and 
seven months, respectively: One patient (Case 2) has subsequently undergone 
four stages of thoracoplasty, revision, and apicolysis to achieve cavity closure 
and sputum conversion for contralateral cavity. There have been no serious 
postoperative complications. There has been no tuberculous empjmma or wound 
infection. There has been no clinical or roentgen evidence of reopening of 
cavities or reactivation of tuberculosis in the re-expanded lungs. Three patients 
have been out of the hospital for several months, enjoying an “apparently ar¬ 
rested” status, leading normal lives, and working. The fourth patient (Case 
2) is ready for discharge from the hospital in an apparently arrested status. 


CONCLUSIONS 

Pulmonary decortication appears to be a useful procedure to add to the 
surgical armamentarium for dealing with the problem of the postpneumothorax 
nouexpandable lung. 
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outpatient department in 2915 after three yearn of sanatorium treatment. Sputum was nega¬ 
tive on convent rate, but persistently positive on culture, ‘Left pneumothorax was maintained. 

Present Tliero vnvs a fresh right upper loin* lesion with cavitation. Sputum vrw 

positive. 

Treatment.—In April, 1940, marginal pneumothorax was instituted on the right. This 
toil to be abandoned in September, 1949, liocnuM* of tcusion pneumothorax, lteftlla on the left 
bide wero abandoned, but tho lung failed to re-exjtnud up to May, 1047. Vital capacity wub 
000 c.e. Bronchoscopy was negative. The j»aticnt uu* coimldored for a left decortication 
bemuse of tho low vital capacity, and desiruldlitv of fiermnnent collui>sing operation for right 
upper disease. It was felt preoperntlvcly that the «Imnees of good ro-expunsiou with decor¬ 
tication wero poor because of the dlttUM 1 diameter of the original lesion in tho left lung and 
X-ray evidence of marked paronehynml fibrosis. Fig. 17 shows un x-ray view of the preoperu- 
tivo condition. 

Opfrdtirc 2tfotc«—Operation was dotv* on dun** t*, UH7. The lung was found completely 
covered and bound down by u thin hyuimited fllimus plaque which won completely eeparated 
from tho underlying visceral pleura with ease. The lung wnh completely decorticated, ami 
frceil from all adhesion* to the diaphragm, perieurdium, and mediastinum. The visceral 
pleura nil* thin, and In tho process of decortication a few tuberculous foci Immediately be¬ 
neath tlio visceral pleura were denuded, but no caseous material escaped, it was immediately 
Bated on completion of tho freeing of the lung that there was marked parenchymal fibrosis. 
Intratracheal positive pressure failed to re-expand th«* lung or to aerate it to any satisfactory 
degree. After dusting the pleural surfaces with streptomycin-plasma mixture, and placing 
two intercoital expansion tubes, the thoracotomy wound wns close*! in the usual manner. 
Streptomycin was administered for seven days pn-opemtively in dosnges of 1 Qm. per day, 
and continued for Iout weeks po»toperativply at the same duange level. 

Tho postoperative course was completely Iwmign and uueventfub The long, however, 
showed only slight ro-expansion, nnd the pneumothorux hpacc was about os large a* pro- 
ojicratlvely (Fig. 18 ). There was no empyema or recurrent fluid formation and tho operative 
wound and drainage tracts healed per prinuuu. 

Comment—This ease represents a failure to achieve lung re-cxpnnsion or 
obliteration of the pneumothorux space following complete decortication. The 
failure was due, we believe, to marked parenchymal fibrosis of the collapsed 
lung. 

SUMMARY 

Attention is called to the possibility ot a new surgical approach to tho prob¬ 
lem of tho postpnoumotliorax nonexpundable lung by means of decortication. 
Tlio literature on older und more recent uses of pulmonary decortication for 
other indications is discussed. The pathologic factors responsible for some cases 
of noncxpnndabiKty, which provide the theoretical background for the use of 
the procedure iu tuberculosis, arc anulyzed. Tentative indications for use of the 
procedure are outlined. Prcoperstive nnd postoperative care is doliuented. For 
.detailed description of operative technique reference is mode to Tecent articles 
by Sampson and Burford,' and by Tuttle, Langston, and Crowley.”- ” 

Detailed case .histories of five patients who havo had surgical decortication 
lor postpneumothorax nonexpundable lungs are presented. One case was a 
failure in that obliteration of the pleural spaca was not obtained, and very little 
w-expansion of tho lung resulted in spite of a complete technically successful 
decortication. This failure wus due to marked parenchymal fibrosis of the lung. 
Four cases were completely successful in accomplishing the objective of tho 
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lack of familiarity with the variations in nerve patterns in our early experience 
It has been observed in a study of more than 100 cadavers that the Vagus nerves 
in the lower mediastinum fall into three main classes. 

The most common type is that in which the left nerve is found to be a 
single main trunk in the lowest part of the esophagus, usually between the levels 
of 2 and 6 cm. above the hiatus. The right nerve is also a single trunk in a 
slightly lower area, between 2 and 4 cm. above the hiatus. A branch occasionally 
connects the right and left vagus nerves between the levels of 5 and 8 cm. above 
the hiatus. Seventy-four per cent fall into this group. 

The next most common type is that in which the left vagus nerve fibers 
consist of a main nerve with a smaller nerve within 1 cm. of the main nerve 
but entirely separate from it from the level of 7 or 8 cm. above the hiatus down 
to the stomach. There may be small intercommunicating branches between the 
two. The right nerve in these cases does not differ from the common type and 
in general shows more branching than the left in the level between 5 and 10 cm. 
above the hiatus. Occasionally, it courses down the esophagus on to the 
stomach and celiac plexus as several branches. These branches are usually 
sufficiently close together to make it easy to pick up all branches at the same 
time when separating the nerve from the esophagus. The right nerve is loosely 
attached to the esophagus and is easily left behind when the esophagus is lifted 
from the mediastinal bed. 

The third group, consisting of wide departures from the; usual pattern, 
makes up 4 per cent of 100 specimens examined. In two of the specimens the 
left vagus nerve was partially submerged in the muscle. In the third specimen, 
the left vagus nerve was divided into five segments of about equal size. The 
fourth specimen showed a branch of the right vagus nerve which was intimately 
attached to areolar tissue of the mediastinum and free from the esophagus. 
This separate filament passed through the hiatus. We have seen no instances 
of vagus nerves passing from the thorax into the abdomen except through the 
esophageal hiatus. 

One should not begin the separation of the vagus nerve from the esophagus 
too close to the esophageal hiatus. There are two reasons for this. First, one 
is likely to miss the fibers which leave the esophagus 1 or 2 cm. above the . a ^ s - 
Second, the left vagus nerve is intimately adherent to the esophagus m e 
level between 0 and 1 cm. above the hiatus and is not readily picked up m us 
area. 

INDICATIONS FOR OPERATION 

All of the patients in this scries were diagnosed as having duodenal o 
stomal ulcer and were referred to surgery by the medical gastroen ero^ 
service because of hemorrhage, obstruction, intractable pain, or a c0 “ 1 
of these indications. The ages of the patients ranged from 2 o 


PREOPERATIVE MANAGEMENT 

Most of the patients who come to operation are in a poor state of 
lecanse of dietary restrictions over a long period of time, o ® 1U ’ d by a 
•hage, or a combination of these factors. Protein deficiency 



VAGUS NERVE SECTION IN TIIE TREATMENT OF PEPTIC ULCER 

Abdominal Versus Thoracic Approach 

Joseph A. Weinberg, M.D. (uy invitation), George W. Campbell, M.D., 
and Robert B. Voucher, M.I). Van Nuys, Calie. 

T HE widespread interest in the operation of vagus no I’ve section devised by 
Dmgstedt 1 for the treatment of peptic nicer is as much an expression of 
dissatisfaction with other methods of surgical treatment as it is an enthusiasm 
for tho now procedure. The expression of dissatisfaction with other methods 
is not surprising when it is considered that the liest of the tried methods is ono 
in which most of the stomach is removed to eradicate a relatively benign lesion. 
The enthusiasm for tho new procedure, based upon the excellent immediate re¬ 
sults, is being countered with a healthy opposition which asks that its accept¬ 
ance await a period of some years in order to ascertain the permanency of re¬ 
lief. We nro in complete accord with that admonition. It is obviously im¬ 
possible to discuss permanency of results in the group of patients to be reported 
here, as the time since operation varies from twelve to twenty months. Sixty 
eases arc included in this group, thirty by the abdominal ond thirty by tho 
thoracic approneh. This division was arbitrarily made in order to compare tho 
relative advantages and disadvantages of the two methods. It is not easy to 
evaluato tho results in tho discaso of peptic ulcer, and the comparison of re¬ 
sults becomes more difficult when the evaluations are made by different clinics. 
One may arrest hemorrhago, relievo obstruction, or relieve abdominal distress 
without effecting complete relief from symptoms referable to the psychic phase 
of tliis psychosomatic disease. Unfortunately, the same standards nro not 
universally used in determining the degree of relief, ond this must be considered 
in evaluating tho results of this uiul other operations. Classifications of com¬ 
plete relief, partial relief, and failure have little menning unless one states 
what is meant by these three types of results. 

Tho operation of vugul denervation of tho stomach is not a simple one. 
Denervation is not always attained licenusc of the difficulty of working in the 
relatively unfamiliar region of tho lower mediastinum and tho variability of the 
pattern of the vagus nerves, which make it difficult to bo cortain that the nerves 
are adctpiately interrupted. Mnny of tho objections which have been expressed 
against the operation should be churgod to faulty performance rather than to 
failure of the procedure to uchievo its aim when properly performed. It is this ' 
Phase of tho problem that is dealt with in this presentation. 


VAGUS NERVE PATTERN 

It is significant that tho failures with both abdominal and thoracic ap¬ 
proaches were limited to the early cases. This may be explained in part by a 

FVom the General Surgery Section, Birmingham Veteran* Administration Hospital. 
pQb U*hed with permission of tho Chief Medical Director. Department of Medicine and 
Veterans Administration, who assumes no responsibility for the opinions expressed 
conclusion# drawn by the authors. 

r~ Read (by titlo) at the Twenty-seventh Annual Meeting of The American Association for 
Thoracic Surgery, st. Lamls! Mo., Jfay 28, 20, and 30, 1047. 
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high protein diet and amino acid infusions and blood deficiencies are corrected 
by transfusions. Vitamin C, 300 to 500 mg., is administered daily for at least 
seven days prior to surgery. The importance of correcting these deficiencies 
cannot be overemphasized. We are convinced that some of our early difficulties 
were the result of failure to appreciate the degree of malnutrition. 

The insulin hypoglycemia test was used routinely before and after opera¬ 
tion in our first cases but is now performed only postoperatively to determine 
the completeness of vagus nerve section. The test amounts to hypoglycemic 
shock and is distressing to the patient. Most of the patients subjected to the 
test have shown evidence of severe hypoglycemia, manifested by weakness, 
fainting, perspiration, hunger, and shaking. There is also the theoretical 
danger of inducing severe bleeding in the preoperative ulcer patient, although 
we have not yet seen what could lie termed dangerous bleeding. For these 
reasons it is questionable whether the test should be used except in those cases 
in which failure to accomplish denervation is suspected. 



FIS. 2.—Skin incision; the abdominal incision. 


The stomach and bowel are emptied preoperatively by giving a qm _ 
beginning twenty-four hours before surgery, a saline cathartic in tie moi 
and a normal saline enema in the evening of the day before surgery, j ^ 

tube is introduced into the stomach prior to operation. All patien s ai ^ 

penicillin intramuscularly from three days before operation to ve 
operation. 

TECHNIQUE OF ABDOMINAL APPROACH . ^ 

Spinal anesthesia is used because of its action in piomotin D pe 
in facilitating exposure. 




Fly. 1 .—Repreientatlvo vaeru* nerve pattern* In the lower mediastinum. 
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stomach and intestines are • retracted with the gloved hand and a transverse 
incision 2 to 3 cm. in length is made through the peritoneum covering the 
esophageal hiatus'. The left subphrenie vein, which courses transversely just 
anterior to the hiatal ring, is carefully avoided. The right index finger 





Esophagus retracted ^ 
wltJi gaiqe tape 


Eight vagus n. 


Ehmgftans' 


Fie- —Resection of nerve segment between ligatures. 

is inserted through the incision into the esophageal hiatus ar< 
esophagus and vagus nerves from the adjacent median': 
agus, with the attached nerves, is then drawn into : • 
the flexed index finger, and an empty Penrose rr i 


rates the: 
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An incision is muilo through the abdominal wall 2 cm. to tho left of the 
midline, extending front tho ensiform cartilage to 2 em. below the umbilicus. 
Tho stomach, duodenum, and otiier upper abdominal viscera are examined, 
noting the degree of activity of the ulcer. It is impossible to determine the 
degree of pyloric obstruction by inspection or palpation and roentgenologic 
examination must be relied upon for this information. 

The left lobe of the liver is retracted upward and to the right by means 
of a broad retractor designed for this pin isi.se. Adequate exposure of the 
hiatus may be obtained without division of the left hepntie ligament. The 


Peritoneum inrlsed 
at sr esopnaifealdiatus , 

flimiovem 



Ssophaqus and ySijusnifvet.' 
mob! 11 led and retracted t-VU 
btf ntujer. 


Fig. 3,—Left lobe of liver retracted cephoJad and to right Peritoneum over eaophagcnl hiatu* 
incised, exposing esophagus. Insert show* esophagus retracted by Index Anger, 




Pericardium 



^Liouj , 


■-1 -Vert. column 


^-——oro~~ torta 


Piiphratjm 


'Bivnltuj/u 


<uu& 

V-A. HOSP. 


Jkqlnninq incision in 
mediastinaljpeani tetwee/i 
puhmuinj Ii<j. $ aorta. 


1 , | | . K Retraction of lung with sponge on holding 

Fig. G.~Adcquate f OXposuro 5 without ^ to expose esophagus. 


Pericardium — —v,p. 


pvx. portion. 
"■-.Left mjus . 


-Lurv) 

W ■ 

-}£rt. column 


. ' 

diaphragm 



Esophagus 

-Aorta 


yJ.roLi-P' rlP-'-'jjist.portion, Leftraqus • 


'U'lmutqham ■ 


V-A- HD5* 


Fig-. 7.—Esophagus 


retracted by gauze tape; segment of vagus nerve 


resected between ligatures. 
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it for traction. At least 6 cm. of the esophagus can he brought into view by 
this maneuver. Tho nerves arc identified by palpation and inspection. Clamps 
are placed 2 cm. apart on each of isolated vagus nerves and the segment be¬ 
tween tho clamps is resected. The divided ends of tho nerve are ligated with 
cotton suture. Small nervo filaments arc transected without ligation. Tho 
resection of a segment is usually performed botween 2 and 4 cm. proximal to 
the hiatus, since the nerves are more integrated at this level. After division of 
the vagus nerves lias been completed, the ]>enroso tube is withdrawn and tho 
esophagus is returned to its bed. The peritoneal incision ovor the hiatus is not 
sutured. Gastroenterostomy is performed if there is existing or anticipated 
obstruction at the pyloric ring. The abdominal wound is closed in layers, us¬ 
ing interrupted sutures for the fascial layers. 



Ply. 0,—IncJuJon In seventh Jnterapnce. left, from mld-acapulor line to costochondral Junction. 

THORACIC APPROACH 

Endotracheal anesthesia with nitrous oxide, oxygen, and ether is supple¬ 
mented with curaro. The lungs aro inflated at intervals of 20 minutes or less 
while the pleural cavity is open. 

An intercostal incision is made in the seventh interspace oxtending from 
the midscapular line to tho costochondral junction. Sufficient exposure is ob¬ 
tained without coastal resection. Heavy gauze packs are placed between the 
blades of the rib spreader and tissues to lessen trauma. Pleural adhesions 
which may be present in the field of operation are divided and the lung is re¬ 
tracted upward with a spongo on holding forceps. Diaphragmatic excursions 
are inhibited with curare. A longitudinal incision G cm. in length is mado in 
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diet several days longer. A general diet is allowed after twelve days, but the 
patient is admonished not to overload the stomach at any one meal. 

complications 

Pew of the complications are common to both operations. For this reason, 
the complications will be discussed separately under each of the approaches! 


complications with abdominal approach 

All of the abdominal complications occurred among the first twelve cases 
and were principally due to faults which have been overcome by improved 
preoperative and postoperative care and improved surgical technique. 

Two patients with dehiscence of the abdominal -wound and three patients 
with postoperative hernia may be grouped together for discussion. One patient 
until dehiscence, a severe asthmatic patient aged 68 year’s, was a known poor 
risk, but operation was imperative because of three episodes of bleeding. A 
combination of excessive handling of the intestines at operation contributing to 
distention, and an uncontrollable cough postoperatively, could well account for 
the rupture of the abdominal wound. In all of the other cases, including one 
patient aged 69 years, excessive distention, malnutrition, and cough are blamed 
for the postoperative weakness of the abdominal wall. Improvement of tech¬ 
nique by better relaxation, less handling of the intestines, more effective closure 
of the wound, closer attention to continuous gastric suction, and better preopera¬ 
tive nutrition have done away with the complication in all except the first twelve 
patients operated upon by the abdominal approach. 

Table I. Postoperative Complications in Thirty Patients With the Abdominal 

Approach 

COMPLICATION —— NUMBER OP CASE S 

1. Dehiscence of the abdominal wound with evisceration 

2. Partial wound dehiscence 

3. Postoperative liemia 

4. Intestinal obstruction 

5. Bronchial pneumonia (one death) 

6. Phlebothrombosis with pulmonary embolism 



Two patients developed obstruction on the seventh and twentieth post 
operative day, respectively. This, is probably more than a coincidence. e 
intestine appears to undergo peculiar segmental contraction in the earl) ays 
following vagus nerve interruption, possibly due to the sudden removal of wwj 
control. Attention has been directed to this phenomenon by Alvarez. “ 
regulated bowel activity and distention are assumed to be the principa ac 
leading to obstruction in these cases. If this assumption is correct, c 
tention to deflation by continuous gastric suction postoperatively shou e 


its incidence. ^ are 

Distention of the stomach and intestines and elevation of the map ^ 

considered to have been factors in the two cases of postoperative rcI _ 

The patient who died, a prematurely aged individual who was consl a , did 
atively poor risk, was overeonstricted with a tight abdominal m - flf 
not tolerate well the presence of the gastric tube. Since then, 
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the mediastinal pleura between the pulmonary ligament and the aorta, without 
dividing the pulmonary ligament. The esophagus is separated from its bed 
by finger disseetion and the nerves aro identified and dealt with 03 described 
for the abdominal approach. Tbo niedinstiual incision is accurately closed with 
interrupted No. GO cotton sutures. Interrupted sutures are used to unite the 
incised intercostul muscles together with the parietal pleura. Air is expelled 
from the pleural cavity by means of a watersenled catheter left iu tbo wound 
until the lust pleural suture is placed. The divided cxtrucostal muscles and 
skin aro closed in luyers. 



Flff. &—Accurate cloiuro of mediastinal pleura with Interrupted *uturw. 

POSTOPERATIVE CARE 

The postoperative care is essentially the same for both procedures. The 
patient sits ou the edge of tbo bed on tbo afternoon of the day of operation and 
is gradually ambulatory from then on.’ Wangensteen suction is used contin¬ 
uously for at least three days aud longor in those cases in which severe disten¬ 
tion persists, A surgical liquid diet is given on tbo fifth day and is changed 
to n surgical soft diet on the eighth day. * AVater, salt, vitamins and amino 
acids, sodium chloride, and glucose are given intravenously during the period 
of intubation. Small frequent feedings with a balanced diet aro given ns soon 
as the tube is romoved. Patients with gastroenterostomy remain on a liquid 
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There was one death with the abdominal approach, due to postoperative 
pneumonitis. Fifty-six of the sixty patients undergoing vagus nerve section 
have experienced complete symptomatic relief. It should be taken into con¬ 
sideration that fifteen of the sixty patients had a gastroenterostomy performed 
in addition to the denervation. In four, the anastomosis was performed sub¬ 
sequent to vagus nerve section because of persistent pyloric obstruction. 

There were two failures witli the abdominal approach. They are reported 
here. 

S. H., aged 40 years, had a vagus nerve section for treatment of a gastrojejunal stomal 
ulcer. After the operation ho believed himself to be only “50 per cont relieved” and lie 
still lias frequent attacks of epigastric pain and vomiting. The acidity, which was not high 
before operation, remains unchanged. Roentgenologic examination has not been informative. 

II. C. was a patient aged 42 years. An inflammatory lesion at the junction of the 
pylorus and duodenum was found at operation. Exposure was poor and the hiatal region was 
not well visualized. The cardia of the stomach was inadvertently opened during the finger 
dissection and was closed with intestinal suture. Two nerves,, supposedly the right and left 
vagus nerves, were divided, but examination for other nerve segments was unsatisfactory. 
One year after operation there had been no improvement in the patient’s condition. 

There was one failure with the thoracic approach. The case is described 

here. 

R. G., aged 3G years, began to have pain two months following discharge which was 
identical with that experienced before surgery. Studies of tho insulin test and gastric 
motility indicated that vagal denervation of tho stomach was incomplete. 

Thus, there are three failures in the series; two with the abdominal ap¬ 
proach and one with the thoracic. These are ascribed to incomplete denervation. 

One case of erroneous diagnosis is worthy of special mention because of 
its bearing on the choice of operative approach. The patient had undergone 
a pyloric antrum resection elsewhere six weeks previously and experienced pam 
and hemorrhage following operation. Roentgenologic examination indicated a 
probable stomal ulcer but the evidence was inconclusive. Abdominal explora 
tion revealed a localized abscess lying between the enterostomy and the tians 
verse colon. Drainage of the abscess resulted hi complete relief. Ha 
thoracic approach been used and vagotomy performed, the patient wou a ^ e 
been classed as a failure, and it is even possible that a gastrojejunoco ic s u 

might have been formed. , ^ 

In our early cases the operation was so much easier to aceomp is ^ 
the thorax that we felt it should be used except in instances of py bn ic o 
tion, obscure diagnosis, malignancy either proved or suspected, or ot er a 
malities either known or suspected. However, with more experience al ^ 
provement in technique it was found that the denervation cou e ^ 
plished as satisfactorily with the abdominal approach, and we now r ^ 

method routinely. The advantages of being able to observe e ^ 

perform, gastrojejunostomy far outweigh the difficulties rnheien 

dominal approach. 
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the patient in swallowing and retaining the suction tube boforo operation has 
paid dividends in practically doing away with severe postoperative distention. 

The patient with phlebothrombosis and pulmonary embolism was heparin¬ 
ized as soon as the complication was discovered and ho made a satisfactory re¬ 
covery. 

COMPLICATIONS WITH THORACIC APPROACH 
The postoperative complications with the thoracic approuch are listed in 
Table U. Intercostal neuritis occurred in two patients. A segment of rib had 
been removed in one and a rib was fractured in the other at operation. Severo 
pain persisted for several months in the first, and for one week in the second. 
All of the patients with theso exceptions have been remarkably free from pain 
following operation. The absence of intercostal neuritis is credited to the 
fact that most of the operations were done without costal resection. 


Table IL PosTorERATiVE Coiipucxnoxa in Tijikty Patients With tiii: Thoracic Appboacii 


COilTUCATION 

NUMBEH or CASES 

1. Intorccwtul neuritis 

o 

2. Pleural fluid (two sovere with eaeupe of fluid through wound) 

3 

3. Pnoumonitia 

2 


Pleural fluid accumulated in largo quantity in two cases, neither of which 
progressed to empyema. Ono of these patients hud a large extrapleural abscess 
following the injection of Nupcrcaine in oil in the intercostal space. It is 
probable that the abscess together with trauma induced by dividing numerous 
denso pleural adhesions were the cause of the trunsudato. The practice of in¬ 
jecting tho intercostal nerves has sinco been discontinued. The second patient 
had a massive accumulation of fluid in the left pleural cavity associated with 
an extensive bilateral pneumonia. Fluid in the other three cases was minimal 
and was absorbed spontaneously. 

Pneumonitis was biluteral and extensive in one of the two cases and 
moderate in the other. The more serious case was one of those described as 
developing severe hydrothorax. 

Summing up tho complications, there were two cases of intestinal obstruc¬ 
tion with the abdominal approach and nono with the thoracic, two cases of 
pneumonia with the nbdominal, one resulting in death, against two cases with 
the thoracic approach. There was one case of pldebothrombosis with tho ab¬ 
dominal approach and none with the thoracic approach. Of the complications 
peculiar to each method, thero were two cases of wound dehiscence and tlmee of 
postoperative hernia of tho abdominal wall; and two cases of intercostal neuritis 
and two cases of large accumulation of serous fluid in the pleural space. 

CLINICAL RESULTS 

The period of observation in both groups of cases is too brief to make 
an evaluation of the effectiveness of vagus nerve section in healing peptic 
ulcers. However, a review of the early results will aid in making a comparison 
of the merits of the two methods. In the comments which follow, all eases in 
which there has not been complete relief are counted as failures. 






EXPLORATORY THORACOTOMY IN THE HLANAGEMENT OF 

PLEURAL EMPYEMA 


Paul W. Sanger, M.D. 
Charlotte, N. C. 


T he incidence oE empyema in the pleural cavity has decreased since the ad¬ 
vent of- chemotherapy and the end of World War II. Empyema following 
lobar or lobular pneumonia is now rarely seen. Thus, empyema from hitherto 
unusual etiologie conditions is more commonly encountered in the practice of 
thoracic surgery. That which necessitates surgical treatment usually constitutes 
a complication of such conditions as bronchiectasis, trauma of the chest not 
associated with hemothorax, infected hemothorax, ruptured lung abscess, and 
ruptured subdiaphragmatic abscess, and as a consequence of tube drainage or 
too small rib resection in treating postpneumonic empyema. 

I have the greatest respect for the time-tested surgical principle of draining 
an intrapleural abscess by tube insertion or rib resection; although in dealing 
with the type of case described here, such treatment alone in my experience 
usually has been inadequate. 

Decortication of the lung has been recognized as sound management in acute, 
massive, or multiloculated pleural abscesses. 1 The mode of attack in present-day 
empyema, however, is being altered with the change in frequency of its under¬ 
lying cause. It is now believed that an exploratory thoracotomy is indicated in 
any case of acute or subacute empyema of the pleura that does not satisfactorily 
respond to chemotherapy, aspiration, closed drainage, and general supportive 
measures. By means of this exposure it may be determined in each individual 
case which procedure to follow; whether decortication of the lung suffices, 
further surgery is indicated then, or surgery should be delayed for a subsequent 
operation. Illustrative cases will be presented and the problems and indications^ 
discussed for the surgical procedures which were chosen in each instance. 

An exporatory thoracotomy can be done with safety only if the following 
conditions are fulfilled: (1) restoration and continuance of whole blood; (2) 
administration of large amounts of penicillin or streptomycin, depending upon 
the infecting organisms; (3) the availability of a competent anesthetist. hi 
these protections almost no patient is too ill to withstand pulmonary suigeiy. 

Each case is individualized in its management but comments will be mace 
upon a few points of procedure. The trite but so important history cannot re 
overemphasized in trying to ferret out symptoms of a chronic pulmonaiy a 
such as productive cough and other symptoms suggestive of a pie ® 
bronchiectasis. Roentgenograms of the chest are confined to anteropos enox 
lateral views since stereoscopic films of the chest, in my opinion, are mis ea 


From the Surgical Service of Charlotte Memorial Hospital. Association for 

Read (by title) at the Twenty-seventh Annual Meeting of The - 
Thoracic Surgery, St. Louis, Mo. r May 28, 20, and 30, 1917. 
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SUMMARY AND CONCLUSION 

This early report on the results of vagus nervo section for tho treatment 
of peptic ulcer in sixty patients is concerned chiefly with determining the 
relative merits and tho indications for thoracic and abdominal approaches. 
In our earliest cases the operation was easier to accomplish and the complications 
were less severe and less frequent when tho operation was performed through 
the thorax. As experience increased objectionable features of the abdominal 
approach were overcome and we now perform tho operation routinely through 
tho abdomen because of tho advantages of being ablo to examine the lesion and 
perform gustrojejunostomy at the same time. 

Performance of the operation of vagal denervation of the stomach should be 
preceded by a thorough acquaintance with the patterns and relative anatomy 
of the vagus nerves in the lowor mediastinum. 

An analysis of the results in our sixty cases suggests that failure to ac¬ 
complish relief by vagus section should be ascribed to failure to perform the 
operation properly, or to faulty diagnosis. 
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the entire lung. The pus was evacuated and the lung was decorticated of its constrictmc 
sheot, after which it re-oxpnnded satisfactorily. S 

In view of the fact that the lobe had re-expanded, it was thought undesirable at this 
time to proceed with lobectomy. A No. 32 mushroom catheter was placed in the eighth left 
interspace in the posterior axillary line and connected to a water-sealed jug. Tho patient 
received 1,500 c.c. of wholo blood and 1,000 c.c. of glucose intravenously during the operative 
procedure. Bronehoscopic aspiration was done before the patient returned to her room. 

Large doses of penicillin were continued. Ambulation was started the following day 
and the drainage tubo was removed on the third postoperative day. On the fifth day the 
patient was afebrilo and so .remained during tho subsequent stay in the hospital. She was 
discharged cloven days after tho operation (Fig. 1, B). 



Fig. 1.— A, Note tlie displacement of the mediastinum to the rightaa air ^^^slon *of 
left have collapsed the left lung. B, Ten days utter decortication note: the ^ f j£$ nuin . 
the left lung, except for a small ureu. in the apex, and normal position of tne 

She returned three months later for lobectomy. "When this was done, surprisingly 
adhesions between the visceral and parietal pleura were found, although the lobes , 

adherent. The postoperative course this time was without mishap and she was 
from the hospital ten days after operation. 

Comment .—The history of pre-existing bronchiectasis and the sudden onset 
of the patient’s illness with pain, dyspnea, and toxicity causisc onn 
assume that a rupture of a bronchiectatic abscess had oceurre ± u e ^ oraco . 

failed to reduce the symptoms and the temperature rose to 105 ■ q 

tomy was then performed. An incarcerated lung was liberated by ee0 1 tion 

and the lung was inflated. Therefore, it was thought wise to de ay ^ 
for a later date whereby the extent of the disease could be dem noW 

accurately. The lower lobe was removed three months later, i ” 
symptom-free, is with her soldier husband in Alaska. 
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The chest fluid is aspirated and examined hacteriologically, preferably prior 
to antibiotic or chemotherapy. If this is not possible, pnra-nminobenzoic acid 
or penicilliuase, respectively, is added to the culture media. 

Hematologic examinations invariably include hematocrit readings. Blood 
transfusions are given until the hematocrit reading has reached a level of 50 
or above. An intercostal tube may be plnced into the ompyema poekot and 
connected to a water-sealed jug resting upon the floor. 

This latter procedure, however, is merely preliminary to the definitive 
troatment which follows after the cell volume has been restored to normal and 
after bronchography and bronchoseopic examinations in certain cases have 
been made. Bronckograms of the involved side are not omitted when there 
arc suspected pulmonary communications into the pleural cavity or when 
thore is suspected brouehiectasis which may warrant extirpation of the lobe 
or segment involved. 

Under endotracheal anesthesia and continuous intravenous blood infusion 
an exploratory thoracotomy is undertaken. It is important that the infusion 
should be given simultaneously into two veins in order to sustain adequate 
blood volume. If the empyema is extensive, it is explored routinely through 
the fifth or sixth rib bed; otherwise, it is opened through a selected rib bed 
directly over the pocket. The pus is evacuated and decortication is carried 
out as previously described, 1 The lung is re-expanded if possible but when 
extensive bronchiectasis exists or when a lung abscess or malignancy is 
demonstrated, it may bo advisable to delay extirpation surgery to a later dnte. 
In certain instances, however, it is preferable to remove the involved lung or 
segment in ono operation. 

TYPICAL CASES OP E1IPYKAIA RESULTING FROM BR0NCUIECTASI8 

Case 1.—B. P., a white, woman patient, 21 years old, was admitted to the hospital on 
Jan. 18, 1946, with tho chief complaint of n sudden onset of a severe, knifelike pain in tho 
left sido of the chest, of forty-eight hours’ duration, associated with chills, fever, and 
dyspnea, 8ho lind a history of having had bronchiectasis in the left lower lobe of several 
years’ duration. Tho diagnosis lmd been established previously in another hospital. 

On examination she appeared mildly cyunotic, acutely ill, and in marked respiratory 
difficulty. Tho temperature wqb 103.0° F., puleo was 120 bents per minute, and respirations 
were 34 por minute. The trachea was grossly displaced to the right (Fig. 1, A), the maximum 
Impulso of the heartbeat was to the right of the sternum, and there was dullness throughout 
the lower left sido of the chest and hyperresonance over the apex. 

A catheter was placed in the eighth left interspace in tho posterior axillary line. A 
turbid fluid was drained, from which alpha streptococcus and nonhemolytic Staphylococcus 
aureus were cultured. Penicillin, 50,000 units, was administered intramuscularly every three 
hour*. Tho hematocrit reading was 41 and tho patient was given a transfusion of 300 c.c. of 
blood. Tho temperature ranged from 101 to 104.6* F. Tho catheter did not drain satis¬ 
factorily and it was reinserted at another sito where it also censed to drain after a few hours. 
Tho patient’s condition was not improved. Bronchoseopic examination was essentially 
nnrevcaling. , 

On the third day aftor admission, an exploratory thoracotomy was performed, excising 
the left sixth rib, under endotracheal anesthesia. Mult iloctjla ted empyema pockets and 
organised fibrin were found upon entering tho pleural cavity. A thick capsule incarcerated 




B. 


Fig. 3— A, This film reveals an area of density that occupies the mnjoritj of the rig 
pleural cavity with fluid level at the first Interspace anteriorly. The ren^ uder of uie 
chest cavity is filled with air. There Is no noticeable displacement. B, This discloses 
factory re-expanslon of the entire right lung with an elevated diaphragm. 
symptom-free and returned to work four weeks later. 
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A case of similar clinical record was found on Dr. Edward Churchill’s 
service at the Massachusetts General Hospital. This individual was treated by 
tubo drainage but a pneumothorax developed which collapsed the lung. It is 
interesting to note tho laek of organized adhesions that should have prevented 
this collapso. It lias been suggested that early administration of penicillin may 
have played somo role in nature’s not forming normal adhesions. 3 However, I 
have not observed any lack of organized fibrin even though somo patients had 
had large quantities of penicillin immediately after the onset of their illnesses. 

Case 2.—It. G., a lfl-year-old, white female, was admitted to tho hospital on Jon. 2, 
1947, with tho ehiof complaint of chilli, fever, and a persistently draining; sinus in tho loft 
aide of the cheat of threo months’ duration. She had a history of intermittent cough and 
fever, diagnosed us “ bronchitis *’ in oorly infancy. Two years boforo admission she had 
“lobar pneumonia.'’ In tho fall of 1940 oho had been hospitalized six weeks after a trodden 
attack of pleural pain followed by empyema, for which a rib resection drainage had been 
done. Temporary improvement had occurred, although tho cough lmd persisted with elevation 
of temperature, and pus had continued to drain from tho thoracic sinus. 

Threo months Inter she was transferred to tho chest service. At this tlmo the tempera¬ 
ture was 102.4* F., pulso rate was 110 bents per minute, and respirations were 24 per minute. 
Sho appeared chronically ill, undorweight, anomic, and apprehensive. Further examination 
showed that the trachea was in midlino and that there was a lag on inspiration over tho left 
sido of the chest. There was signs of consolidation over tho entire left side of the chest with 
tho exception of the apex (Fig. 2, J). A draining sinas in tho left posterior axillary line in 
the seventh rib area was seen. Cultures from this exudate showed a mixed infection of 
alpha and gumurn streptococci, N. catarrhalis, Diplococcvs pncvmoniM, and nonhemolytic 
Staph, aurevt. 

Since tho hematocrit reading was only 30, sho was given 1,000 c.c. of cit rated blood. 
Lung mapping demonstrated broncliiectatlc changes In tho entire loft lower lobe, lingula, and 
base of upper lobo (Fig. 2, B ). Penicillin aerosol (100,000 units dilated in 2 c.e. of saline 
solution) was carried oat threo times daily for threo days. Bronchoscoplcally there was no 
obstruction to the left bronchus; only excessive exudnto was seen. 

On tho fourth day aftor readmlssion the pntiont was prepared for an exploratory 
thoracotomy. Tho old sinus tract was excised in exposing the sixth rib. The pleura was very 
thiclt and its cavity was divided into pockets filled with purulent exudate. The lung was 
found to be constricted by a very thick, organizing, vascular sheet of fibrin. The lung was 
freed of its imprisonment but the lobes would not re-expand duo to chronic atelectasis and 
bronchiectasis. Because of this It was determined necessary to proceed with a pneumonectomy. 
Bleeding wns quite a factor but the blood volume was sustained by 2,000 c.c. of blood flowing 
in on arm and ankle vein. At the close of this procedure the cheat was thoroughly irrigated 
with large quantities of saline solution, and 100,000 units of penicillin were instilled. A No. 30 
mushroom catheter was inserted in the eighth left interspace. She withstood the operation 
well and returned to her room in good condition. The following day the hematocrit was 54. 
Tho customary postthorocic surgical care was given. 3 

Tho postoperative course was uneventful and recovery was rapid. Twenty-four hours 
after operation sho was out of bed and the catheter was removed eighteen hours later. At no 
time following surgery did the tomperature rise above 00.0* F. She was discharged eleven 
days after operation. This patient was seen four weeks later at which timo she was afebrile, 
free of cough, and had gained weight. It was expected but, peculiarly enough, not until two 
months after pneumonectomy did this patient develop signs and symptoms of pleural infection; 
but the wound was uninvolved. The pocket, which was relatively a mail, was successfully 
collapsed by a ouo-stugo thoracoplasty. 
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An exploratory thoracotomy was done through the right sixth rib bed on the third day 
after admission. The pleural cavity was found to be filled with a purulent, nonodoroua, pasty, 
brownish exudate. After decorticating and re-expanding the lung, no bronchopleural fistula 
could be demonstrated though the communication through the diaphragm was easily identified. 
This led to a subdiaphragmatie and liver abscess. Through another incision, n segment of the 
right eleventh rib was resected and an extrapleural communication was made into the sub¬ 
diaphragmatie abscess cavity into which two cigarette drains were inserted. Thereupon the 
perforation of the diaphragm was debrided and closed with interrupted silk sutures. The 
patient withstood the operation very well. The systolic pressure did not fall below 90 nun. 
Blood, 2,000 c.c., was given to sustain the patient during this surgery. Two largo mushroom 
catheters were inserted in the chest cavity, one in the second intercostal space in the anterior 
axillary line and the other in the eighth interspace in the posterior axillary line. Suction was 
applied to the anterior catheter for a period of twenty-four hours, after which it was re¬ 
moved. The posterior catheter was irrigated daily for five days, then removed. 

Routine care was followed, which in this ease necessitated intercostal nerve blockings 
on three occasions. Emetine therapy was begun. On the fourth postoperative day the 
patient developed some asthmatic symptoms which were relieved by aminophylline supposi¬ 
tories. 

The patient was afebrile on the third postoperative day and remained so until discharge 
from the hospital fourteen days after operation. Examination two months later showed a 
satisfactory re-expansion of the rigid lung (Fig. 3, B). The patient returned to his duties as 
cotton mill worker nineteen days after discharge from the hospital. 

Comment .—In this individual, by having a large thoracotomy opening it 
was possible to estimate accurately the extent of the damage, decorticate the 
lung (thereby re-expanding it), and more easily drain the subdiaphragmatie 
abscess as well as close the communication between the chest and the abdomen. 
Such could not have been accomplished unless there was a large thoracotomy 
opening. Hospitalization was reduced many days as the patient returned to his 
former occupation thirty-three days after operation. 


BRONCHIAL-RENAL FISTULA 

Case 4.—E. B., a 3I-year-old white housewife, was seen in consultation on her second 
admission to the hospital when she was complaining of chills, fover, and a pr uc ive, 
cough of six days’ duration. 

On the previous entrance two montlis before there had been a diagnosis of right 16 
calculus, pyelonephrosis, and empyema in the right chest (Eig- A -1)- She was treate vn^ 
repeated chest aspirations, penicillin, and other supportivo measures. On this regn c 
patient improved. After eighteen days she went home for further improvement prepn 
for a kidney operation. 

The course at home was indifferent until ten days before admission, when a so er^ P'^ 
in the right shoulder region developed, associated shortly afterward with chi s, 
paroxysmal attacks of coughing. The cough soon became productive with copious <1 ^ 

of foul-smelling, reddish material. Coincidental with this the pain in the ngi s 10 ^en 
appeared although the chills, fever, and cough continued. The latter was ma e wc* 
she lay on the left side. The temperature ranged up to 10-4° E., pulse was - , mspi 
white blood cell count 18,000, and hematocrit 3G. ie wa3 

On further examination she did not appear ns ill as her vital signs disclosed- . . j. s y 0 
a slight lag on the right on inspiration. Breath sounds were distant throng ^ ® tl0Ught 
of the chest. The percussion note also was impaired. . Dullness m the g ^ but 

to he due to an elevated diaphragm. There was moderate tenderness m 7 

no tenderness over the liver could be elicited. 
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Comment. —Recognizing the rarity of ordinary empyema, an attempt is 
made to bo alert to tho unusual origin of this disease. Previously a bronchoscopic 
examination had been done but it failed to disclose any pathology. The referring 
physician surmised bronchiectasis when the cough persisted and improvement 
did not follow drainage of the empyema pocket. This case illustrates the justifica¬ 
tion of using lipiodol though we take the risk of creating or aggravating pneu¬ 
monitis. It is also pertinent to note tho extensive surgery done “through pus” 
without resultant acute pleural infection which may have been unwise, but it 
was felt that “our baud was called” when expansion of the lung after decortica¬ 
tion was unsuccessful. The criteria in determining tho need for resection of tho 
part involved is whether or not the Iol)C or segment will expand undor positive 
pressure or deflate with the release of same. 

Til that this youngster had already run the gamut of conservatism, it was 
felt justified to try to complete the surgery in one operation although weeks 
later tho pleural space did become clinically infected. A remarkable improve¬ 
ment has been that of her mental attitude, which is important at the age of 16 
while entering adulthood. She is now svniptomlcss two months after thoraco¬ 
plasty. 


EMPYKUA .VS COMPLICATION OF SUDDIAPHRAGMATIO ABSCESS 

Care 3.—C. C., a 23-year-old former sergeant, \vu* admitted to the hospital by ambulance 
on Oct 31, 1040, with tho chief complaint of fever and pain in the right side of tbo chest, 
associated with generalised malaise. lie hud a history' of persistont diarrhea, with stools 
containing blood and mucus, of two montlis' duration in 1043 while on military duty in 
Africa, With tho exception of dysontory, ho had no Illness until approximately six weeks prior 
to admission when lie suflTored “an attack of pneumonia,” involving the right lung. He 
apparently responded well to chemotherapy for threo weeks, after which he developed inter¬ 
mittent fever associated with “a tired, worn-out feeling.” Shortness of breath on exertion 
and a slight, nonproductive cougli were also coniplnints. 

Whon examined, he was a wdl-dcvelopcd white man, acutely ill, listless, and moderately 
short of breath. Temperature was 102.0° >\, the pulse rnto was 108 bents per minute, and 
respirations wero 2S per minute. The trachea was to tho left since the right chest did not 
expand normally on Inspiration. There were signs of air in tho right apex and fluid in the 
right base. The heart was not remarkable. The left lung fields appeared clear. It was im¬ 
possible to polpato tho liver, although there was tenderness to fist percussion in tho liver 
area. The muscles were somewhat splinted in tho right upper quadrant but no rebound 
tenderness was noted. No viscera or maaK*a could be felt. The laboratory findings showed a 
rod cell count of 3,800,000 per cn. mm. and a white cell count of 20,200 per cu. mm. The 
hematocrit reading was 30. 

Tho right side of the chest wns aspirated and 500 c.c. of tenacious, onchovy-llke material 
were withdrawn. Boutlne smears and cultures failed 1o reveal any organisms bat numerous 
pus cells wero found. X-ray examination of the cheat, anteroposterior and lateral views, showed 
a hydropneumothorax on tho right side with two fluid levels and a slight shift of the 
mediastinum to tho left (Fig. 3, A). 

^Vholo blood, 1,000 c,c^ was given immediately and Demerol, 50 mg., \rns needed re¬ 
peatedly for tho control of pain in tho cheat. Farther therapy consisted of 50,000 units of 
penicillin ovory three hours. The stools wore negative for Amoeba histolytica as were the 
cultures and smears from tho chest fluid. Bronchography showed no bronchiectasis or bron¬ 
chial communication through the diaphragm. A preoperative diagnosis was made of empyema 
resulting from a ruptured subdiaphrngnmtic abscess thought to liavo been secondary to 
abscess of the liver, questionably of amoebic origin. 
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There was demonstrated a bronchopleural communication beneatli the diaphragm as 
evidenced by the same character of fluid there obtained ns the patient coughed; and by 
bronchograms and lipiodol injections it was possible to demonstrate “puddles” of the 
opaque substance below the diaphragm in the region of the right kidney (Fig. 4, B). 

Bactcriologically, gram-negative rods and alpha streptococci were cultured from the 
sputum and aspirated exudate. The patient was given 1,000 c.c. of whole blood prior to 
surgery. Six days after admission the eleventh and twelfth ribs were resected subperiosteallv 
through which a large abscess cavity was encountered in the subdiaphragmatic area. This 
cavity was partly filled by a large, ruptured, pyeloncphrotic, right kidney. After decompressing 
tho abscess the diaphragmatic fistula could not be identified. The kidney was removed in a 
subcapsular manner/ Cigarette drains were inserted nnd the wound closed in anatomic 
layers. During the operation the patient received four pints of blood and 1,000 c.c. of glucose. 

The postoperative course was satisfactory. The temperature did not exceed 100.4° F. 
Early ambulation was started and the patient was discharged two weeks afterward with a 
small No. 14 enthetor in place. Roentgenograms then showed an elevated diaphragm but 
relatively clear chest cavity. The cough had stopped and there were no symptoms suggestive 
of the bronchial fistula being open. The patient was seen again four weeks after operation 
and she was free of respiratory symptoms (Fig. 4, C). 

Comment .—Pleural infection and a diaphragmatic bronchial fistula, sec¬ 
ondary to a pyeloncphrotic kidney, cause one to respect the -bizarre origin of 
present-day empyema. Would the morbidity and hospitalization have been ap¬ 
preciably reduced if an exploration had been made on the first admission to th« 
hospital two months previously? 


TRAUMATIC EMPYEMA 

Cask 5. —F. If., a 32-year-old white niun, was admitted to the hospital on Jan. 2, 
1946, because of increasing difficulty' in breathing, with chills and fever of twelve days 
duration. He gave the story of having ‘ ‘ been in a fight and sustained a knockout blow 
on the right chest” some seventeen days previously. Apparently no evaluation of ultra, 
thoracic involvement had been made at that time. 

At physical examination he appeared acutely ill and rather pale. Breath sounds were 
absent, percussion note was dull over tho posterior base of the right chest, and no scars wen 
seen (Fig. 5,-4). Aspiration obtained a thick, turbid material that grow a mixed c tore 
of cocci and bacilli. Temperature was 103° F., pulse rate 110 beats per minute, and respun 
tions were 30 per minute. Penicillin in large doses had been given prior to admission mi 
tills was continued in 50,000 units every three hours. As tho hematocrit reading on udnussi 
was 30, he was given 1,500 c.c. of wholo blood. Repeated attempts at aspiration 
obtained a very small amount of thick pus. Temperature ranged from 101 to 105 
white blood cells numbered 21,000 per cu. mm. Tho urinalysis was negative. 

An exploratory- thoracotomy was done on the right side with resection of the sev 
rib. Tho chest cavity was filled with organizing, foul-smelling exudate. The pos 
lateral portions of the lower lobe were partially compressed, being held with a co ’ 13 ^“ ^” 
sheet of exudate. This was removed, thus allowing the lung to re-expan an eighth 
previously existing empyema cavity. A No. 20 mushroom catheter was place m . 

interspace in the posterior axillary line. The patient received 2,000 c.c. of who e ) oo 
the operation. Penicillin therapy was continued. ^ 

Progress was uncomplicated. The temperature subsided on the fifth postoperative ^ 
to normal and so remained. Tho drain was removed seventy-two hours after °P era ‘ 
patient was discharged with the lung re-expanded and in good condition on e 
after surgery (Fig. o, B). He has remained free of respiratory symptoms to date. 


•By Dr. Roberts McKay. 




O. D. 

Fig. 4. —A, Anteroposterior viow shows a homogeneous blurring of the lower two-thirds 
of the right plouml cavity. Empyema in this instance was secondary to subdlaphrncmatic 
abscess. B, Bronchagrams and injection of lipiodol into nbscess cavity disclosed Spuddling" 
of the opaque substance, which Indicated a bronchial-renal fistula and at operation disclosed 
communication into a pylonephrotic kidney. O, Shows satisfactory clearing of the right lung 
although the diaphragm remains elevated. Four weeks after drainage of the subdlaphraamstic 
absc ess and nephrectomy, the bronchial fistula had closed and patient was free of all respiratory 
symptoms. 
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Comment. The presumptive cause of this patient’s empyema was a trail- 
matic, infected, organized hemothorax. Such being the case a bronchoscopic 
examination and bronchograms were not indicated, although at operation no 
evidence of organized hemothorax was apparent. Here we were dealing with a 
localized empyema pocket and by making the incision longer and "excising 
slightly more rib than usual, the cavity was emptied of its pus. Under visualiza°- 
tion, with adequate exposure the lung was decorticated and re-expanded, ivhich 
allowed the cavity to be filled with a useful, healthy lung. The intercostal tube 
was removed three days after operation. The patient was discharged on the 
tenth postoperative day. This is in contrast to the usual way of treating 
empyema pockets, that is, insertion of a tube or resection of a small segment of a 
rib. The majority do recover, but such a patient treated by the latter method 
usually remains in the hospital more than two weeks with uncomfortable drainage 
of pus from the tube or sinus. Furthermore, daily dressings are always neces¬ 
sary. Aside from the economical, physical, and mental considerations, it seems 
to be false conservatism to prefer an inadequate exploration of these empyema 
cavities. In short, it is felt that this ease gives support to the theory that more 
extensive surgery in individuals with large or even small empyema cavities is 
actually the conservative measure. 


INFECTED ORGANIZED HEMOTHORAX 


The next two eases represent clcar-eut problems. 


Case G. —C. S., a 4S-year-old, white woman, was admitted to the hospital on Feb. 25, 
1946, complaining of pain in the anterior right pnrt of tho chest following a stab wound 
three weeks previously. Tho patient was slightly dyspneic and tho temperature ranged from 
101.6 to 104.6° F. The pulse was rapid, around 112 to 120 heats per minute. She was 
anemic, with a red blood count of 2,900,000 cells per cu. mm. and a hematocrit reading of 31. 
Pertinent findings of tho right chest were dullness to percussion and absence of breath 
sounds (Fig. 6, A). A thoracentesis yielded a dark, thick, bloody fluid which was negativo on 
smear, although it had a putrid odor. No organisms, however, were grown on culture. 
Penicillin had been given previously. It was reinstituted and she was given 1,200 e.c. of whole 
blood. 

On the second day after admission, an exploratory thoracotomy was doue through the 
right sixth rib and there the chest was found to be filled with an odorous, organize, 
infected hemothorax. Tho lung was decorticated and allowed to re-expnnd. A No. -< 
catheter was placed in the eighth interspace and connected to a water-sealed jug. The patien 
had an uneventful postoperative course and was out of bed twenty-four hours after operation. 
She was afebrile on tho fifth postoperative day. Ten days after operation the patient was 
discharged (Fig. 0, B). Sho roturned to her work as a seamstress three weeks later am 
remained well since that time. 


Case 7.—W. NL, a Negro man, 40 years old, was admitted to the hospital on Feb. 
), 1946. He gave a history that approximately nineteen days previously he ha een a ^ 
•om behind by an unknown assailant. There had been shortness of breath inline hi e 7 ^ 

rofuse bleeding. The wound had been sutured eight hours later in a distant iospi a^ 
uuably the wound did suck. The patient's physician aspirated 1,500 e.c. o o ^ 

ft sido of the chest, and in subsequent aspirations 600 c.c. and 1,000 c.c. " ere tiT0 

iccessive days. After that no further fluid was obtained and he was given no ^ 

.ood, although he did receive penicillin. For nineteen days the P atl ®“ t p^vdoped. 
reath. Chills and an elevation of temperature which ranged around 104 . 



it. B. 

Fig. CL—it. There Is an Isolated eiupyoma pocket localised In the po* to relate ml region 
which was explored through the right sixth rib. The cavity was evacuated and the lung was 
decorticated. B, This shows very satisfactory ro-expan*lon of the lung and elimination of 
the empyejrm ten days after operation. 



Fig. 0.— A, Tho right lung Is obliterated, which proved to be caused by organised, foul. 
Infected hemothorax- B, Fourteen days after operation the right lung is re-expanded. The 
semi-density along the margin of the pleura is interpreted to be that of organised fibrin on 
the parietal pleura, which was not thought necessary to remove at tho time of decortication. 
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A. b. 

Fig- 7.—A, This film shows a homogeneous density over the entire left lung Held. B. 
Llffht days after an exploratory thoracotomy, when the pus was evacuated and decortication 
effected, it Is noted that the lung has completely re*expnnded and there is no residual fluid 
In the pleural cavity. 



A. 


B. 


* ' the 

Fig. S.—A, Air and fluid have completely compressed t h e lie “n't] on"demonstrates a 
mediastinum to the right. B, This film, made seven weeks after operatic , 
re-expanded left lung and elevated diaphragm. 
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When admitted to our hospital ho was poorly nourished, pale, dyspncic, and perspiring 
freely. The trachea wns in the midline. The cheat was symmetrical with a dofinlto lag on 
the loft. The right lung field wns relatively clear. The loft was dull to percussion over its 
entirety. The abdomen wus peculiarly spastic and tender In the loft upper quadrant; how¬ 
ever, there wus no robouud tenderness. The hematocrit reading was 28. Hemolytic staphy¬ 
lococcus and Bacillus coli wore cultured from the aspirated fluid. X-rays of the chest (Fig. 
7, A) showed homogeneous density oVer the entire loft lung field. The lateral film showed 
air anteriorly and a fluid level posteriorly. Aspiration obtained 1,500 cx. of air and only 
500 c.e. of purulent, offensive, bloody material were drawn from the left posterior oighth 
interspace, . 4 

The patient was given 1,000 e.c. of blood preopemtlvcly nnd prepared for an explora¬ 
tory thoracotomy which wus done two days afterward through a section of the left sixth 
rib. The lung was encased and tho thoracic cavity filled with nn organized, infected hemo¬ 
thorax. Decortication was enrriod out in the usual manner. Bleeding was quite annoying. 
The patient was supported on 1,500 e.c, Sf blood nnd 1,000 c.c. of plasma. Two ca that ora 
wero used, one in the anterior second interspace nnd one in the posterior axillary lino in the 
eighth Interspace. 

He had an uneventful postoperative course and was nllowod out of bed on tho Second 
day. Tho catheters wore removed on the second and fourth days, respectively, after the 
operation, llo was afebrile forty-eight hours postoperatively and so remnined until discharge 
eight days after surgery (Fig. 7, B ). He returned to his occupation as a chauffeur three 
weeks after leaving tlie hospital. 

Comment .—These two cases ara typical of the badly infected, organized 
hemothorax which notably is the type that experience in World AVar II taught 
us could ho deeortieated with impunity 4 ; otherwise tho patient would likely 
become a pulmonary cripple unless the lung was freed, thus allowing it to re- 
expand and fill tho pleural cavity. It is a matter of record that these soldier 
patients, for the most port, wero readily restored to useful military duty within 
a period of a few weeks. 

PNEtTMOl’YOTHORAX AS BESULT OF INADEQUATE SUROEBY IN 
POSTPNKOMONIC EMPYEMA 

Case 8.—J. if., a 40-ycar-old, colored man, wns seen at the hospital in October, 1040. 
Tho chief complaint was a productive, foul cough, "lung abscess," and an abdominal hernia 
of ten months’ duration. He gave a story of having Imd a "gull bladder operation” ten 
months previously. During this stay in the hospital he developed pain in the left cheat, 
shortness of breath, and an elevation of temperature. A diagnosis of pneumonia on the left 
side, complicated by empyema, wns rnado. Tho old record showed that the cheat cavity was 
drained by rib resection and insertion of a tube, but his shortness of breath and pain In the 
chest with drainage of oxcessivo pus, chills, and fever continued after discharge from the 
hospital Soon after going home he developed a largo post operative hernia in the right upper 
rectus Incision. 

Upon examination ho was found to be a poorly nourished, colored man who sat propped 
up in bed, continuously holding tho sputum cup because tho cough wns most persistent. The 
mediastinum and trachea wero displaced to the right. He did not use the loft side in breath¬ 
ing. There wore three sinus tracts ia the left axillary draining very putrid-smelling, creamy 
exudate. As ho coughed, large quantities of this offensive dralnago spewed through these 
Blnusea. Merely by compression of the chest and leaning to the loft, the patient drained 
approximately 500 c.c. of such exudative substance. 

The left lung was virtually obliterated. The left apex was filled with air and the bate 
with findings of fluid, (Fig. 8, J). There was a shift of tho mediastinum to the right and 
increased peribronchial shadow* In the right base. Another pertinent finding was a large. 
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4. This radical attack is justified only after (a) preoperative studies for 
the underlying pathology have been exhaustive,- (b) the hematocrit reading is 
50 or above with ample blood available for the operation; (e) penicillin, 50,000 
units every three hours, or streptomycin, 2 Gm. daily, has been given pre- and 
postoperatively; (d) a competent anesthetist trained in endotracheal anesthesia 
is assured, which is one of the most important factors. 

5. Representative case reports are given in an attempt to establish the 
indications for thoracic exploration, which in reality is conservative, by reducing 
the morbidity and preventing economical and psychologic bankruptcy. 

6. In this series of pleural empyema there have been no deaths, and all have 
been fully rehabilitated in a relatively short time. 


CONCLUSION 

After intelligent conservative measures, it is my opinion that an explora¬ 
tory thoracotomy is the treatment of choice in present-day pleural empyema, 
otherwise we are apt to lie temporizing. If one chooses not to explore these 
cavities one must willingly accept the likely consequences of a long morbidity 
superimposed on the inconvenience of a drainage tube or a sinus tract that 
necessitates much care. It must be borne in mind that the compressed lung'may 
never completely re-expand unless decortication is carried out. It is agreed, 
however, that in some incidences this is merely treating the effect of the under¬ 
lying cause. Therefore, in certain individual cases, as with these, it may be 
expedient to extirpate the cause while treating the effect. Such decisions, though, 
are a matter of surgical judgment and cannot be determined by a slide rule. 
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protruding herniation through llio Tight rerton Incision. Viscera and peristaltic movements 
could be felt and Mjen through u thin skin that wiu* the only protection of tho nbdomixtal 
cavity. The mnss, however, was reducible as nothing else abnormal was detected in the 
abdomen. 

Penicillin thornpy was given intmmusculnrly and l>y inhalation. Since tho hematocrit 
reading wna only 24, tho patient received four transfusions. The hematocrit reading then 
rose to 51 (it is interesting that the first 1,000 c.c. of blood raised tho hemoglobin, red blood 
cells, and licroatocrlt appreciably little). Lung mappings did not disclose any broncho¬ 
pleural communication although it was certain such existed. Bronchoscopic examination un¬ 
covered excessive, odorous exudate coming from tho left main stem bronchus which appeared 
compressed. 

Five days after entrance into tho hospital a thoracotomy wna performed. The left sixth 
rib was excised along with the draining sinuses in this region. A portion of the seventh rib 
posteriorly also was removed. Upon entoring the pleural cavity through a very thick pleura, 
it was found that the diaphragm was elevated and fixed. The purulent material was nil 
aspirated. It was estimated that some 1,800 c.c. of oxudntivo clumps of fibrin wore evacuated. 
The lung wna tenaciously bound down by a thick, organized capsule. This was carefully and 
laboriously removed. Bleeding was extensivo but tho'lung re-expanded about 85 per cent of 
its normal extent. It was impossible to identify a bronchial fistula, which undoubtedly wo* 
there. During the operation the pationt received 2,000 c.c. of whole blood and 1,000 c.c. 
of normal snlino solution. A No. 20 French catheter in tho second anterior intercostal spaco 
censed to bubblo on the third postoperative dny and was removed. Tho posterior one, how¬ 
ever, was left in placo for soven days. 

Ten days after operation, tho ventral hornia was repaired with silk undor general 
anesthesia and the postoperative course for this was satisfactory until twelve days afterward, 
when bo developed an abscess in tho incision of the repaired abdominal hernia. This com¬ 
plication prolonged the hospitalization another fifteen days. Two months later (Fig. 8, B) 
tho pationt was making Ids own living, working in an office. 

Comment ,—This case exemplifies nn individual who, after ten months of 
suffering from a debilitating illness and with the inconvenience of pus con¬ 
tinuously draining from his side, was rehabilitated by decortication. It is only 
fair to speculute that such a case could have withstood this same procedure 
originally, when the treatment of tiie empyema was inadequate for which reason 
it is felt that there is a placo for exploratory thoracotomy in cases that do not 
readily react to conservative measures. Regardless of the size of the empyema, 
it seems that the patient should be given the advantage of an exploration for 
decortication, lobectomy, or pneumonectomy as the underlying condition may 
warrant. In some cases, however, it is prudent to delay any extirpative surgery 
for a later date. 

SUMMARY 

1. Tho incidence of empyema secondary to lobar and lobular pneumonia is 
now less frequent than empyema secondary to heretofore uncommon etiologic 
factors, such as ruptured bronehieetatic abscess, infected hemothorax, ruptured 
subdiaphragmatic abscess, traumatic empyema, ruptured pulmonary abscess as¬ 
sociated with or without malignancy, and as a consequence of inadequate surgery 
for postpneumonic empyema. 

2. Tlie advantages of on exploratory thoracotomy in ca§es of empyema that 
do not satisfactorily respond to conservative therapy are emphasized. 

3. Tho rationale of early decortication in empyema thoracis is reaffirmed. 



Fig. 1.—Upright chest roentgenogram taken on admission showing herniated vlscus with sug¬ 
gestion of thickening of stomach wall. 


Fig. 



esophagus. 




STRANGULATION OF THE STOIIACH AND TRAUMATIC 
DIAPnRAGMATTO HERNIA 


David J. Dugan, M.D. (bv invitation), and 
Paw, C. Samson, M.D. 

Oakland, Calif. 


T HE majority of patients presenting a traumatic diaphragmatic homia arc 
relatively free of symptoms referable either to the respiratory or gastro¬ 
intestinal systems. As a rule these individuals do not have the ulcer complaints 
and dietary discomforts which are characteristic of congenital or hiatal hernias. 
Diagnosis of the traumatic typo is for the most part suspected on a routine chest 
film following a history of left-sided trauma, and confirmation is obtained by 
barium study of tho gastrointestinal tract. Surgical repair of the diaphragm 
with the replacement of tho ubdominal contents is strongly recommended in tho 
traumatic cases in particular, ns the results nro so satisfactory, and because of 
the danger of strangulation of the eviscerated bowel in the untreated cases. A 
review of the literature reveals that strangulation in an abnormal diaphragmatic 
opening duo to trauma does not occur commonly, but when it does develop is of 
sufficient gravity to justify tho over-all recommendation of surgery before such 
a complication occurs. For this reason it is felt that our eases are of interest 
both in their similarity and progress. 

Two cases of traumatic diaphragmatic lierniu with acute strangulation of 
the stomach arc presented. In both instances the diagnosis was made preopera- 
tivcly, surgical treatment was performed transthoracically, the stomach was the 
only abdominal viscus involved, and succcssfid repair was obtained. Both cases 
occurred in young men in tho military service, and were brought about follow¬ 
ing dietary indiscretion. In noither patient had tho diagnosis of hernia been 
made prior to tho acute illness. It is our purpose briefly to presont the history, 
physical findings, and progress in those two cases with a review of the literature 
and reported cases to date. 


Cask 1.—This 24-year-old Hexicau soldier was admitted to tho 73rd Evacuation Hos¬ 
pital in Los Angeles on July 4, 1042, and shortly thereafter was transferred to Hog Gen¬ 
eral Hospital with the diagnosis of left trnumnUc diaphragmatic hernia. The history re- 
waledthat on July 3, 1042, following a long convoy rido and soveral glasses of beer, he bo- 
°uru) nauseated, vomited, and complained of sharp pains in the loft lower chost and upper 
abdomen radiating to tho left shoulder. This pain increased following vomiting and deep 
breathing. Tho past history was not contributory with tho exception that on Oct. 14, 1940, 
ho received a stab wound in tho lowor loft thorax for which he was hospitalirod in the Los 
Angeles County Hospital for about four days, following which ho developed the sole com¬ 
plaint of considerable gas which was unaltered by food. Tho period of discomfort lasted 
“h >0 or ten days and thereafter subsided completely. At tho time of tho hospitalisation m 1940 
“o roontgen studies worn taken. During tho interval between tho stabbing and the present 
.illness there were occasional brief eplsodos of anorexia' and nausea, but no vomiting. Tho 
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attempt to do a resection would undoubtedly result in a fatality on the operating table. Fol¬ 
lowing a fifteen-minute application of hot packs there was a further change in the color of the 
stomach wall and it seemed definitely improved. The organ was replaced into the abdomen 
without further manipulation and the chest was rapidly closed after crushing the phrenic 
nerve just below the pericardium. The chest was closed in layers without drainage. A 
roentgenogram of the chest taken three days following surgery showed complete re-expan¬ 
sion of the left lung and an elevated left diaphragm. Recovery was uneventful except for a 
high degree of atony of the stomach which occurred immediately following surgery. This 
complication was followed closely by gastroscopy and roentgenograms and improved slowly to 
the point of complete recovery within six montlis when the pntient was returned to full duty. 

Case 2.—This 2S-year-old soldier was admitted to Fitzsimmons Hospital on Jan. 2G, 
104fi, having been ill approximately two weeks. Eighteen montlis before ho had received a 
bayonet wound of the left lowor chest and was hospitalized for three weeks. Roentgen studies 
of the chest were taken at the time of the injury and were not available.for comparison, but 
according to the patient no active treatment was necessary and he recovered rapidly without 
residual symptoms. He remained well until fourteen days prior to admission when, follow¬ 
ing the ingestion of a heavy meal, he becamo nauseated. The patient had no acute pain, but 
the nausea continued and he had intermittent vomiting attacks from then until admission to 
the hospital. Ho had been unable to take food of any kind for three days and the tempera¬ 
ture was slightly elevated during the twenty-four hours prior to admission. On entry the pa¬ 
tient had a temperature of 101.2° F., pulse 118, and respirations 24. He was complaining of 
severe epigastric pain which had commenced four hours previously and was accentuated on 
deep breathing. Flat films of the chest revealed herniation of the stomach, and barium 
studies showed complete obstruction. After fortifying the patient with intravenous fluids a 
left thoracotomy was performed. On entering the pleural cavity approximately 100 c.c. of 
clear amber fluid was encountered. The upper third of the stomach was in the pleural cavity 
and the fundic portion was rather densely adherent to tho left lower lobe. The stomach wall 
was slightly hyperemie, but there was no evidence of serious interference with circulation. 
After enlarging tho opening of the diaphragm tho stomach regained its normal color promptly, 
was returned to tho abdominal cavity, and repair was accomplished. The patient made a 
satisfactory recovery' and was returned to full duty. 


AYhile these two eases hear a definite similarity to eacli other there aie 
certain points on which there is considerable difference. Both individuals had 
practically the identical portions of the stomach involved, yet Case 1 was 
of shorter duration and represented a far more urgent surgical emergency. Case 
2, as evidenced by the adhesions of the fundus to the left lower lobe, was 
probably slower in developing obstruction and the edema at the hiatal ring con 
tributed to the general constriction. It is not without the realm of possibi i y 
that spontaneous reduction of the stomach might have recurred in the secon case 
if surgery had been delayed, but such a development would have been mos 
remarkable and certainly not to be relied upon. There is no doubt that sul ° e 
was a life-saving measure in the case of the individual first describe , inasniu 
as even manual reduction of the strangulation at the operating ta e 

difficult procedure. ' 1 u.- ec t 

Much has been written during the past several years on the genera 
of diaphragmatic hernia, particularly with regard to the mechanics an P 
ology involved. In 1934 Hedblom 1 reported 1,408 cases of diaphragma ic > 
mostly collected from the literature, of which 821 were e “ ge ^ te d st ^ n?u i a . 
traumatic in type. In reviewing the literature on the subject o 
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pertinent physical findings on July 4 were an old stab wound scar in the ninth interspace on 
the loft aide of the chest in the posterior axillary lino; slight diminution of expansion of tho 
left lower part of tho client; nnd impaired resonnneo and dullness to percussion over tho 
anterior lower left clicst with flatness In tho posterior area. There was moderate tenderness 
to palpation in tho left upper abdomen, but no ovidonce of rigidity or peritoneal rebound 
tenderness. On the day of admission, July 4, J042, nn upright roentgonogram of the chest 
showed what appeared to bo a hollow viaous, most likely stomach, in the loft pleural cavity 
(Figs. 1 and 2). A barium swullow taken at tho sntuo time showed comploto obstruction at 
tho lowor end of tho esophagus (Fig. 3). Tho diagnosis of comploto obstruction having been 
established tho patient was prepared for surgery. Using a posterolateral approach the loft 
cheat was opened through the bed of the eighth rib. On entering the pleural cavity a large 
blue-black mass was immediately encountered which was apparently hollow viwus under 
great tension. This extended upward into tho pleural cavity for approximately 25 cm. Kib 



Fig. 3.—Upright chest roentgenogram taken three day* following surgical repair of hernia. 

.spreaders were introduced and 250 c.c. of thin Berosonguineoua fluid having a definite musty 
odor won removed from tho left plouml cavity. Careful exploration revealed that the mass 
described was strangulated stonmcli. No other organ was present in the thoracic cavity. 
Apparently tho stoma of the ruptured diaphragm was relatively small and lay just mesial to 
the dome. Decompression of tho stomach wns attempted by having an assistant pass n 
stomach tube, and after considerable difficulty a large Ewald tube was passed beyond the 
hiatus into the stomach proper and aspiration of n large amount of foul thick bloody fluid 
and gas was effected. "With the stomach collapsed it was apparent that the wall wos^eon- 
siderably thickoned and a Y-shaped incision in the diaphragm was necessary in order to re¬ 
turn the organ to the abdominal cavity. This accomplished, the ribs were temporarily ap¬ 
proximated and the lung re-expanded. At this time the patient's condition was very poor 
and a transfusion, was commenced. Tho condition Improved somewhat and tho stomach was 
again brought into tho pleural cavity. Careful examination indicated a slight change of 
color of tho stomach wall with more of a purplish huo except in several small areas. Whether 
or not the organ wns viable could not be determined accurately, bnt it was obvious that any 
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given, but from the description of the diaphragmatic opening the supposition 
that the opening was traumatic in nature is probably justified. The authors 
quoted a statement by Ivnaggs made in 1904 with regard to the mechanism or 
physiology concerned in strangulation of the stomach which seems worthy of 
repetition even more than forty years later: “The ulceration that occurs in 
strangulation of the stomach seems to be different from ulceration and strangu¬ 
lation of the intestine. In the latter it begins in the mucous membrane surface 
and extends to the outer eoats. In the case of the stomach the available evi¬ 
dence points to extreme distension, producing splits through the integrity of 
the sodden and rotten mucous membrane. Further ulceration does not appear 
to have been noted at the seat of constriction, the most common place for it in 
the intestine.” 

In considering the four cases reported, there are several factors which seem 
significant. There ai’e doubtless other eases of this general nature which are 
not listed in the available records. Mortality for this series is 75 per cent. Three 
patients were treated by surgery and one was given supportive therapy. The 
one not operated upon died within two days after coming under observation 
and showed a gangrenous stomach at post-mortem examination. The sole sur¬ 
viving patient 4 was most unusual in that a strangulated diaphragmatic hernia 
was repaired on one occasion only to be followed by a recurrence of the exact 
mechanism three years later. In both instances successful repair was accom¬ 
plished through a transthoracic approach. It is not so stated, but it is doubt¬ 
ful that serious interference in blood supply of the stomach was present on 
either occasion. The only patient operated upon who showed definite evidence 
of circulatory disturbance at surgery died. This patient was actually ill for 
four days and was operated on by the abdominal approach. In the third fatal 
ease 2 the patient had been acutely ill for ten days prior to laparotomy, which 
may have contributed to the shock of surgery and fatal result. 

It is not the purpose of this paper to cite two isolated cases of traumatic 
diaphragmatic hernia with acute strangulation of the stomach as therapeutic 
triumphs. The operation in itself is not unusual nor technically difficult and 
the importance of considering the subject lies in the recognition of the defect 
and its surgical correction before strangulation occurs. Once the diagnosis of 
a traumatic diaphragmatic hernia has been made, surgical repair should he 
performed even though the patient is entirely free of symptoms. In the quies 
cent type, reduction of the hernia at operation is usually a simple procedure an 
the repair of the diaphragmatic opening relatively easy. The statistical eucence 
of acute strangulation in hernia in this location is extremely difficult to 1 
mate, largely due to the fact that undoubtedly many eases of this tjpe ar 
never diagnosed, probably on account of their lack of symptomatology, an ienc 
are never observed. This would further indicate that it is only the oecasio 
case which goes on to strangulation. In spite of the obviously sum P er ^ e ^°^ 
of cases which eventually require emergency surgery for a stran G u^ ^ 
abdominal viscus, even such a rare occurrence justifies routine iepau 
such abnormalities as soon as the diagnosis is established. 
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tion of tlio stomach, ono is impressed with tho fow reports concerning this com¬ 
plication. This is evidenced by tho fact that thorc have been but fonr cases 
reported in which tho stomach has been the strangulated organ. The first ease 
report 2 concerned a 25-year-old psychotic man who stabbed himself in tho left 
sido of the chest in 1920. Nothing romarkablc occurred then or for tho follow¬ 
ing fow years other than a lack of appetite, which was felt duo to his psychotic 
nature. In 1924, four years following the stab wound, tho patient first showed 
signs of complete obstruction as evidonced by vomiting, fover, and general 
malaiso. After a short period of observation the diagnosis of a strangulated 
stomach and a diaphragmatic hernia was mndo and a laparotomy was performed. 
An enormously dilated stomach was found herniated through a small opening in 
the left diaphragm, and trocar aspiration of tho stomach was performed before 
it could ho returned to the abdominal cavity. Tho patient did poorly immediately 
following surgery and died on the first postoperative day. 

The second case showing definito involvement of the stomach in a hernia of 
this nature was reported by Wright. 2 Tliis patient was a 52-year-old woman 
admittod to tho hospital with acute epigastric pain of sudden onset fonr days 
previously. The history revealed that she had suffered a sevore blow to tho 
upper abdominal region nino months before, but hnd experienced no difficulty 
since that time. On admission to the hospital sho complained of severe pnin in 
tho left shoulder, and in ordor to breathe sho had to sit up and loan forward. 
The diagnosis of intestinal obstruction was made and a laparotomy disclosed the 
stomach, spleen, and omentum incarcerated in a loft diaphragmatic hernia. Re¬ 
duction was accomplished, and tiro stomach was purplish, but appeared viable. 
Tho hernia was repaired and the patient died two hours following surgery. 

The third case, appearing in the Spanish literature,* was reviewed by 
DeBakoy. Hero the author reported a strangulated diaphragmatic hernia in 
which the stomach was the only organ involved. Diagnosis was made preopera- 
tively from roentgenograms showing a gaseous circle with a liquid level above 
the left half of the diaphragm. The onset was sudden two days before admission 
followed by a fow hours of sudden continuous pain hi the upper left alidomen 
and at the base of the left thorax with considerable respiratory distress. Three 
years before admission tho patient had had a repair of tho left strangulated 
diaphragmatic hernia. Left thoracotomy was performed on both occasions and 
the stomach containing diaphragmatic hernia was reduced with excellent results. 
This is the only case on record in which both strangulated hernias wore success¬ 
fully treated. 

Tho fourth caso report” described a 37-year-old man who was admitted 
to tho hospital complaining of severe abdominal pain. Physical findiugs re¬ 
vealed a left pleural effusion which needle aspiration proved to be bloody in 
character. Under supportive treatment tho patient died in forty-eight hours, 
and post-mortem examination revealed a left diaphragmatic hernia with 
strangulation of the stomach and omentum and a large quantity of bloody 
fluid in the left pleural space. The stomach was gangrenous throughout tho 
upper third. No history of previous chest or upper abdominal injury was 



TRAUMATIC CHYLOTHORAX 

A Review of the Literature and Report of a Case Treated by 
Mediastinal Ligation of the Thoracic Duct 

R. Starr Layipson, M.D. (by invitation) 

Hartford, Conn. 


INJURY to the thoracic duct in the chest and the ensuing escape of chyle into 
A the free pleural space constitutes a grave catastrophe in which there is scarce¬ 
ly an even chance of recovery. The seriousness, the rarity, and the fascination 
of this condition have led to the sporadic reporting of eases by many observers 
with diverse opinions and speculations concerning the management of the prob¬ 
lem. Most of the therapeutic measures have followed the hope that spontaneous 
closure would occur and have in general been supportive in character. Ligation 
of the duct in the chest has been mentioned as physiologically feasible but has 
not been successfully carried out as a part of therapy. The purpose of this paper 
is to present a case of traumatic chylothorax with recovery following trans¬ 
pleural mediastinal ligation of the thoracic duct. 

The thoracic duct is a thin tenuous structure which courses from the cis- 
terna chyli upward along the vertebrae in front of the right intercostal vessels 
and behind the esophagus to the upper mediastinum where it diverges to the 
left to pass behind and above the great arteries in the neck to empty into the 
subclavian vein at its junction with the left jugular vein. Lee, 1 with meticulous 
care, has demonstrated that there are many small collateral branches which aie 
in conjunction with the main duet and that some of these communicate by small 
filaments with the lumbar, intercostal, and azygos veins. This anatomic obsei- 
vation has been further substantiated by the experience of surgeons- J ' 10 who 
have ligated the thoracic duct in the neck with impunity and by invest! 
gators 1 ’ °’ 7 who have occluded it in animals without deleterious effect. T e 
thoracic duct and its tributaries serve as the channel through which chyle is 
carried from the digestive system to the venous circulation. Histologic stu j ° 
the duct shows that in its wall there are fibers of smooth muscle 8 and it has cen 
indicated that rhythmic contractions of these fibers help to propel the chy e up 
ward along the duct. The changes in the intrathoracic pressure with lespna ion 
and the accumulation of chyle in the cisterna chyli are also most impo ai 
factor’s in its flow. Under normal conditions the pressure in the duet J 3 _ 
small but it has been observed that after ligation it can reach 35 cm. o y a 
The rate of flow and the volume carried are dependent,, within a certain * aI ° ’ 
upon the amount and character of the oral intake of the individua . 1 ^ 

estimated that the flow of chyle in man varies between .38 and . c - c - 
minute or 60 to 190 c.c. 4 per hour, or approximately 2 liters a day. 


From the Surgical Service and the Cheat Group of the Hartford Association for 

Bead (by Utle) at the Twenty-Seventh Annual Aleetins of The 
Thoracic Surgery, St. Louis, Mo.. May 28, 20,.and 30, 1917. 



DUOAN AND SAMSON : STRANGULATION OP STOMACH AND TRAUMATIC HERNIA 777 


SUMMARY AND CONCLUSIONS 

1. Two coses of acute strangulation of tlio stomach nml traumatic dia¬ 
phragmatic hernia occurring in the military service are presented. Successful 
results were accomplished by prompt transthoracic reduction and repair of the 
defects. 

2. A review of the available literature on the subject is given. Four similar 
cases huve been reported with the mortality of 75 per cent. 

3. All traumatic diaphragmatic hernias should be repaired as soon as tho 
diagnosis is made und certainly liefore signs of obstruction occur. 

4. The transthoracic approach is the method of choice in tho repair of 
hernias of this type. 
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Chylothorax is by definition tbo condition which results when chyle accum¬ 
ulates in the freo pleural space. This occurs in the presence of serious and fre¬ 
quently fatal disease such as venous obstruction to the superior vena cava, 
lymphatic block iu filariasis, erosion of the duct or its radicals by malignant neo¬ 
plasm, or tuberculosis. 11 The escape of chyle from trauma, which may be direct 
or indirect, constitutes the main theme of this paper. 

When chylothoras develops following direct laceration which severs the 
duct as in bullet wounds,*• “• **• 31 surgical accidents 1 * 1 M ’ IT ' 10 and fractures of 
adjacent vertebrao, 10 or following indirect injury which tears it by concussion, 
or traction from external blows 13 ’ 18 ' 30 or even coughing, there is always a latent 
poriod before symptoms appear. Tliis interval is usually three to seven days 
but may be as long ns months. 1 *’ 13 The delay is the time required for the chyle 
to escape from tho extrapleural mediastinum into tho pleural space and fill it 
to tho point where tho volume of fluid embarrasses respiration and causes dis¬ 
tress. In some instances, this alteration of respiratory physiology will precipi¬ 
tate cardiovascular eollapso and shock whieh will respond to thoracentesis. 14 ' “ 
In patients in whom tho condition has been of long duration, accompanied by 
frequent thoracenteses, hypoproteincmia, weight loss, and inanition are marked 
due to failure of essential products of nutrition fo enter the circulation. 

Tho diagnosis of chylous effusion is established by tho character of the 
pleural fluid. Chylo is a milky, thin fluid with a specific gravity of 1.010 to 
1.021, and alkaline in reaction. It contains lipoid substances which are stained 
by sudnn HI. The values for electrolytes, protein, sugar, and cholesterol in 
chyle approximate tlioso of the serum but are subject to wider variations which 
may he a direct reflection of tho diet 10 Chyle is a vehicle for the mobilization 
of proteins which, in the prcsenco of hemorrhage, are redistributed and made 
available for essential functions.” Chylo is bacteriostatic as demonstrated by the 
low incidence of empyema and by the many sterile cultures after repeated 
thoracenteses hi tho reported cases. This has been substantiated in tho Hall- 
Wilson Laboratory of tho Hartford Hospital whore cultures of Eschericha coli 
and Staphylococcus aureus failed to multiply in pure chyle. Table I indicates 
the results of these observations. Table II records the values for some of the 
constituents of chylo as well as tho corresponding blood levels. It also indicates 
the dato and amount of the various chest taps. 

Traumatic chylothorax is an extremely unusual disease, and there are only 
sixty-niuo cases of it recorded iu the accessible literature. Shackelford and 
Fisher 13 in 1938 reported two cases and presented in tabular form a very 
excellent summary of thirty-nine other cases previously recorded in the litera¬ 
ture. Eleven incomplete reports were discarded due to the lack of detailed 
description. Since their papor, seventeen additional cases have been reported, 
and they are summarized in Table IU, making a grand total of sixty-nine. The 
therapeutic results for the sories of fifty-eight cases which could be analyzed 
show a gross mortality rato of about 45 per cent and are given hi Table IV. 
The ages ranged from 9 to 62 years; forty-seven were males, and eleven females. 
This is to bo expected in a traumatic disease. 
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Table IV. Summary oe Therapeutic Results in Fifty-Eioiit Cases Analyzed in the 

Literature 



RECOVERED 

DIED 

UNKNOWN 

Total of fifty-eight eases 
Nonoperativo therapy 

Rib resection 

Cervical ligation. 

Phrenic crushing 

Posterior drainage 

Posterior ligation 

31 (53%) 

22 

C 

o 

1 

20 (45%) 

19 

4 

1 

1 

1 

■ 1 (2%) 

1 


The most striking feature in the management of these patients is the multi¬ 
tude of ingenious suggestions which have beeir considered or executed in the 
treatment. Frequent thoracenteses for the relief of respiratory distress have 
been almost universally used. Pneumothorax for the purpose of discouraging 
the flow of chyle has been done without great success. Instillation of sterile 
brotlr s and irrigations with azochloramid 18 and other substances- 1 to stimulate 
fibrinous reaction have been resorted to with some benefit. The phrenic nerve 
was crushed twice with doubtful success. 28, 30 The intravenous 13 or intrasternaP 
injection of chyle has been done with benefit, but in one instance in the Haitfoid 
Hospital it resulted in sudden death from anaphylactic shock. 27 The intravenous 
administration of chyle is not safe even though it has been accomplished success 
fully. Restricted diets low in fluids, fat, and protein have had beneficial results 
in reducing the production and flow of chyle. Rib resections 1 - have been done to 
establish an external chylous fistula, and also under the mistaken diagnosis o 
empyema. Surgical drainage of the mediastinum through the posterior approach 
has been attempted 13 with the thought that a free external flow of inspissated 
chyle would encourage healing of the rupture in the duct. These met 10 s lave 
been instituted in the hope that spontaneous closure of the me lastma a 
would occur. Direct injury to the thoracic duct in the neck las les c 
external chylous fistula- or in chylothorax. 8 - 17 Both of these conditions have 
been controlled by ligation of the cervical thoracic duct. etiop euia » 
of the thoracic duct for the control of chylothorax resulting iom a ° 
accident during a bilateral sphmcluiicectomy has been done without suece> ■ 
When conservative measures fail, and it becomes c eai ia attack 

repair and closure are unlikely, then one is justified in ns ng & 
through the chest at or below the site of the rupture wi i ^ 

the duct low in the mediastinum. The case which is piesen e , ocec p u .e. 
establishes the fact that low ligation of the thoracic duct is a leas P jt 

The chylothorax promptly ceased and the patient has remained fiee 

for over one year. 

CASE REPORT aj . 

Mrs. S. S. (Hartford Hospitul, No. 530-022), a 35 -ycar-old marned^ ^ comp ! a int 
a soap factory, came to tlm outpatient department on ^ aine ’ he developed a reapra- 

of shortness of breath. Two months before, while visiting necompamed 

ory Lection which was thought to have been a of sputum. The 

severe paroxysm o< codghto 8 produce of a ™ t bospit ali«i F* 

patient was confined to bed to, one week »de, ,„„p,„d*tiv. c«‘ 

lowin- this acute episode she was never entirely well. A c.iro , 
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Fig. 2.—Chest roentgenogram taken Just before operation showing large collection of chyle hi the 

left chest and pneumothorax. 





Fig. 3.—Follow-up chest x-ray picture taken eight months after operation sliowln 0 

b pleural thickening at the left base. 


residual 
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persisted, and shortness of breath was experienced whoa walking or climbing stairs. About 
three weeks before entry to the output lent department there symptoms quite suddenly became 
markedly worse, and the patient could not walk Ihvuuso of severe dyspnea from tho slightest 
exertion. She was roforred by her doctor to tlio clinic. During tho recent illness sho lost 
ton pounds in weight. Previous general health Imd been good. Tho family history was 
significant in that her mother had died at the age of 20 years of tuberculosis, and her 
father Imd died of an unknown cuum*. 

Tho initial physical examination discloseil tho following positive findings: height 5 feet 
0 inches, weight 112, temperature 97.8* F. f pulse 102, respiration 22, ami blood pressure 
108/70. Her appearance was tlrat of a thin, white woman in no fte.uto distress and with good 
color. Tho ehest showed good expansion but \ery little excursion of the left diaphragm. 
The 'pulmonary fields wen* resonant everywheie except on the left in tho lower portion 
posteriorly and In tho axillary line. Breath sounds were diminished in this area. There was 
an area of ego phony immedUitely below and medial to the left scapula along tho spine. No 
rfiles or rhonehi were heard. 



Fiff. 1.—Initial chost x-ray view taken In the outpatient department on Jan. 23. lOld, showing fluid 

at tho left baae. 

The initial laboratory findings were us follows. Urine: ncid, specific gravity 1.020, 
albumin 1 plus, sugar 0, casts 0, cells 0. Blood: hemoglobin 91 per cent, hematocrit 51, 
basal sedimentation rate 15 ram. per 1 hour, polymorphonuclenrs 70 per cent, lymph 30 per 
cent, red blood cells and platelet* appeared normal. Berology: Mnxxiui and Hinton negative. 
Electrocardiogram was done and was not diagnostic of caidlue abnormalities. X-ray exam¬ 
ination of the chest was reported ns follows: Films of tho thorax showed a moderate amount 
of pleural fiuid or thickening ut the left ba*e, the cause for which was not apparent. There 
wo* generalised exaggeration of tho pulmonary structures throughout both lung fields, and 
an underlying pulmonary pathologic process could not bo excluded from the left base whore 
the pulmonary parenchyma was obscured by fiuid. 
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just anterior to the aorta through which chyle could be seen to appear. The gutter anterior 
to the aorta was blocked above and below tliis point with gauze, and it was accurately deter¬ 
mined that tho chylo originated from this point and did not flow to it from a leak more 
distantly located. Digital and visual examination of the mediastinum above the heart showed 
no abnormalities. Tho phrenic nerve was visualized and there was no interference with it 
within the chest. The diaphragm also moved with respirations, indicating that there was no 
parnlvsis of the phrenic nerve as had been thought by the preoperntivo fluoroscopic x-ray re¬ 
ports! A four and one-lmlf inch incision wns made in the mediastinal pleura just anterior 



;o the aorta and below the inferior pulmonary J^tofUeriSriy. The left 

ninth dorsal vertebra. The esophagus was ldmt lcft un d posteriorly. Direct J • 

vagus nerve was visualized. The aorta was retracted to £ “ & aistinct structure 

in front of the vertebral column behind thc_a°rta-the tQ thc spinal Mian® 
the size, consistency, and color of the thorae.c dmd tnnei ^ water were 

in the vortical direction. Five grains of methylenc bh. f in the thoracic duct 

bv tho anesthetist through tho stomach tube to se thoracic duct and tied. 

I d d not appear. Two silk ligatures were placed around the tho ^ 

Lt was nofdivided. The incision in the mediastinal pi » “ yor smaU animmt 

sdk sutures. A small amount of fibrin foam was drainage- 

of bleeding was present. The chest wail w.u.closed m layera^ ^ ^ f ^were 

closure, aspiration was done anteriorly wi ll a , ne edle. At the end 

removed. Penicillin, 100,000 units, was inserted through 

operation the patient was in very good condition. ' , 
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Two weeks lutor the patient made a second visit to tho outpntiept department and 
a diagnostic thoracentesis was done In tho govonth interspace in tho loft mldaxiUnry lino, 
and 300 c.c. of thin, milky fluid were aspirated. A tentative diagnosis of cbylothorax was 
nmdo nud tho patient was advised to enter tbo hospital. 

On February 0 tho patient entered the hospital for observation, treatment, and study 
to determine tho canso and course of the chylothorux. During tbo onsuing three weeks five 
chest tops wore dono and these indicated that tho rate of rcuccumutation was increasing. 
Pneumothorax was instituted in order to give a hotter radiographic diagnosis of tbo under¬ 
lying lung and mediastinum, and in the hope of dincournglng tbo flow of chyle. Neither 
objective was accomplished. Examination of tho cheat by fluoroscopy disclosed marked de¬ 
pression of the diaphragm which showed paradoxical motion and gave tho impression, that the 
dinphrngm wan paralyzed. Culturo of tho chylous pleural fluid produced no bacterial growth 
and inoculation of chylo with organisms showed that it was bacteriostatic. Repeated sputum 
examinations fulled to show tubercle bacilli. The patient was placed oa a low fluid, proteiu 
and fat iotako which lm<l no uotlcenblo offect in discouraging the reaccumulation of chyle. 
Intravenous administration of chyle was considered and thought to bo inadvisable. Inas¬ 
much as spontaneous Improvement failed to occur, it was decided that exploratory thoracotomy 
with ligation of tho thoracic duet below the point of rupture should bo attempted. Operation 
wus dono on March 1, J04fi, and is described ns follows. 



Fiff. 4.—Chyle, 2,000 c.c., removed In one tap tho day before operation. 

Under endotracheal cyclopropane and other aneatheeia, with tlio patient lying on tho 
right side, an incision was mnde over the sixth rib from tlio anterior axillary lino to tho 
posterior end of the rib. The scapula was freed and retracted upward and a subperiosteal 
resection of the sixth rib was done. Tho fifth and seventh ribs were divided posteriorly. 
The pleura was opened and tho lung was found to be freo excopt for some tliin adhesions 
posteriorly. The chest cavity contained chylous fluid which was removed with suction. Tlio 
adhesions of the long to tbo posterior cheat wall were carefully separated by digital dissection, 
and the entire left lung was freed. Carofnl examination along the gutter in front of tlie 
aorta finally disclosed a small point adjacent and posterior to tho inferior pulmonary' ligament 
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side of the aorta. It is not intended that mention of Meade’s ease should he 
considered as a report and tor this reason it has not been included in the figures 
of tlie cases reported in the literature. 32 When the ehylothorax occurs in the. 
right chest the approach should be made through a right exploratory thoracotomy 
and the thoracic duct identified and ligated. 33 

DISCUSSION 

The diagnosis of ehylothorax in this patient is evident; its etiology is 
obscure. The history of very severe coughing and the lack of a gross pathologic 
process in the chest at the time of operation forces the conception that the break 
in the thoracic duct resulted from the strenuous action of the diaphragm in 
coughing, which must be considered the traumatic agent. Chyiothorax follow¬ 
ing indirect trauma probably results from the partial rupture of the thoracic 
duet or one of its radicals. This may not divert the entire chylous flow into the 
chest. The sequence of events in this case indicates that there must have been 
an incomplete severance of the duet. The small amounts of chyle in the chest 
in the initial x-ray, the long latent period, and the slow accumulation of chyle 
before admission to the hospital all substantiate this impression. Even if one 
postulates a small perforation of the main duct or the rupture of a small radical, 
the surgical attack should still be directed at ligation of the main duct rather 
than at repair of the site of injury, which would be hard to find and even harder 
to close. It is evident from previous reports and from this ease that the chyle is 
not denied entrance into the blood stream, and that it must make its way through 
collateral channels to the venous circulation. Even though it has been demon¬ 
strated that low ligation of the thoracic duct is feasible, it is a rather difficult 
procedure and should be reserved for the patient who has demonstrated by the 
clinical course that spontaneous closure in all probability will not occur. 

SUMMARY 

1. The literature covering reports of traumatic ehylothorax has been re- 
viewed. 

2. A case of ehylothorax following the trauma of very severe coughmg as 

been presented. _ . , 

3. Mediastinal ligation of the thoracic duct for ehylothorax has been came 

out with cure of the chyiothorax. 

Acknowledgment ami appreciation are extended to Pr. John T. Beebe who ' ra p lV e 
diagnosis, to Dr. Welles A. Standish who assisted at the operation and in t le pos 
care, and to Dr. Ralph E. Ivondnll who directed the laboratory studies. 


ADDENDUM ^ 

During the second year following the ligation of the thoracic duct, thieI I gta tus 

doped severe asthma, nnd on June 1, i04S, died in the Hnrtfor os ^ yenrs 
ifhmnticus. Permission for an autopsy wus refused. At no time ur j ^ peripheral 

:tor operation was there any reaccumulation of chyle in the c es , asci Important 

lema. The patient had always been very thin and remained so. ^' al _ xhe com- 
lood chomistry values on the final hospital admission were essen ia J ’ ■ wttS pennn- 

leto picture in this ease remains unknown, but tho control of t o - and not ^ a 

ent, and the author feels that the patient died of unrecogmzei p 
esult of the ligation of the thoracio duct. 
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Tho immediate poatoporntivo courso was unovontful. Chest tap was done on the first 
poatoporntivo day and 000 e.c. of fcoroaangulucoua fiuld wore withdmwn, wlilch had no sugges¬ 
tion of chyle. Subsequent postoperative taps wero done and wore entirely free o£ chyle. 
Tho convalescence was slightly complicated by tho development of atelectasis of the left 
lower lobo and the appearance of folliculnr toneillitia on tho twelfth postoperative day. Tho 
patient was discharged from the hospital markedly improved on April 0, five weeks following 
tho operation. At the present time over one year lias elnpucd and there lias been no reoc- 
cumulation of the chyle. The patient, however, lias had great difficulty in maintaining her 
weight and thero has boon some residual fixation of tho loft chest. 



Fiff. 0.—Approach used by Meade, with retraction of tho aorta forward and to the rlchu 


COMMENT 

Since tho preparation of thin paper, Meade bos successfully treated a patient 
with chylotliorax by mediastinal ligation, of tho thoracic duct through the left 
chest. In his case the operative approach was made by incising the mediastinal 
pleura over tho aorta and retracting the aorta forward and to the right, ex¬ 
posing tho duct between the intercostal arteries and running along the anterior 
surface of the vertebrae. This approach, according to Meade, is easier than tho 
approach through the left cheat by going to the right and in front of the aorta. 
It is through his kindness that this alternative procedure is illustrated in Fig. 
6 so that others who may undertake this operation will be advised that tho 
thoracic duct can bo reached through the left chest from the right or the left 








COMBINED NITROUS OXIDE, PENTOTHAL SODIUM ANESTHESIA UN 

THORACIC SURGERY 

M illiam A. IIudsox, M.D., and William G. Mackersie, M.D, (by invitation) 

Detroit, Mich. 


W E ARE reporting our experience with this method in 363 consecutive 
operations at the Detroit Tuberculosis Sanatorium between Jan. 9, 1945, 
and April 12, 1947. For the most part, these were poor-risk patients for 
surgical procedures. Two hundred thirty-two operations were on patients with 
advanced tuberculosis, on whom simpler methods of treatment had failed; 62 
others had long-standing infections with accompanying toxemia and possible 
damage to liver, heart, and kidneys; 30 were carcinomas of the lung, 3 of whom 
were cyanotic before reaching the operating room. The youngest was 15 years, 
and the oldest 61 years. 

Randolph and Kober 1 had reported favorably on the nse of Pentothal sodium 
in thoracic surgery, chiefly for thoracoplasties. Only 1.7 per cent of their cases 
showed pulmonary complications. 

Paquet- also reported very favorably on the use of pentothal for thoraco¬ 
plasty in a series of 175 operations. He pointed out that with depressed respira¬ 
tions, paradoxical breathing was decreased and that to-and-fro movements of 
the mediastinum were easily controlled. Hemorrhage was less since pentothal 
did not cause peripheral vasodilatation. Orton 3 recently reported his use of 
pentothal for extrapleural thoracic surgery. Moyer and McKittrick 4 found 
that animals with open pneumothorax anesthetized with pentothal might become 
permanently apneic following the cessation of painful stimuli. This they at¬ 
tributed to either anoxia or hypcrcarbia depressing the respiratory centers dur¬ 
ing the experiment. We have not experienced any similar effect in our series. 
Heard 3 stated that the only real contraindication to pentothal is the anesthetist s. 
inability to maintain an adequate airway. 

Organe and Broad, 0 Ritter, 7 and Shane 8 had recommended the use of nitious 
oxide and oxygen with pentothal and stated that this combination greatly ie 
duced the amount of pentothal necessary to maintain anesthesia. ^ 

We began our use of this combination on extrapleural eases, and foun ie 
results .so satisfactory that we quickly extended its use to all cases.. Whenever 
the pleura was to be opened and if there were any question of maintaining, a 


adequate airway the patient was intubated. 

Maier 0 has stressed the importance of the closest cooperation e . 

gcon and anesthetist in thoracic surgery. Not only should the anest e 1S . ™ 
tain a suitable depth of anesthesia, hut he must provide an adequate ^ spl1 
exchange with a minimum of effort on the part of the patient, even 0 » 
mechanism of respiration is materially altered by removal of n js oi e o 

Read (by title) at the Twenty-seventh Annual Meeting of The American Asso 
Thoracic Surgery, SL Louis, Mo., May 2S, 29, and 30, 194(. 
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To prevent undue depression of respiration one must bo able to inject small 
amounts of pentothal and avoid giving large doses inadvertently. Various 
gadgets have been devised for this purpose, but we have used one designed by 
our hospital engineer, Mr. C. A. Smith. It consists of a spring holder into 
which a 20 c.e. Luer-Lok syringe slips easily. Behind the plunger is a gear 
mechanism operated by turning a small handle at the end of the board upon 
which it is mounted. One complete turn delivers 4/5 c.c. (5 per cent solution) 
or 40 mg. This arrangement provides pressure on the plunger at all times and 
prevents blood from entering the needle and clotting. The board is readily 
clamped to the table or arm board by a “C” clamp. 

In thoracoplasties and other similar procedures in which the pleura is not 
opened, the patient is placed in position for operation. Usually this is on the 
side with the lower arm extended on an arm board, the head supported by a 
small pillow' slightly below horizontal; the face is turned tow r ard the table and 
the table in 10 degrees Trendelenburg. Tins position allows the tongue to fall" 
forward and provides a free airway. 

Two or three minutes after the injection of morphine and atropine, in¬ 
duction is started by giving 4/5 c.c. of 5 per cent pentothal solution (one com¬ 
plete turn of the handle). This is repeated at intervals of 5 to 10 seconds till 
consciousness is lost. The mask of a McKesson Nargrnf machine is then strapped 
in place and 50 per cent nitrous oxide-oxygen mixture administered by serai- 
closed technique for four or five minutes; thereafter the closed circle with carbon 
dioxide absorption is employed. Additional pentothal is added as required to 
maintain a suitable depth of anesthesia. Artificial airways arc not used as they 
tend to stimulate throat reflexes and induce cough or laryngeal spasm. If .the 
patient is supine the chin must be held up. Occasionally the percentage of 


nitrous oxide has been increased to 70 per cent during closure. 

When the pleura is to be opened the patients are intubated using a woven 
or metal spiral catheter with an inllatable cuff. A curved catheter connector 
with suction tube nipple is attached to the end of the catheter to permit lea } 
aspiration of the bronchial tree. At first tire method of intubation desciibec 
by Elliot and Arrowood 10 was followed. Tliis required coeainization o t ie 
throat and a prophylactic dose of nembutal one hour or more before coming 
to the operating room. We have found the use of nembutal delays the recovci) 
from anesthesia. In our last 40 cases we have not used coeainization P n °i ® 
induction. When the lid reflex is lost, 40 to 80 units of Intocostiiu aie mjec e 
intravenously. The laryngoscope is introduced and the cords visualize . « 

per cent cocaine is sprayed directly on the cords and in 10 or 15 secon s 
catheter can be readily introduced. One cubic centimeter of 5 pei cen cot f 
solution is allowed to run down the lumen of the catheter. This qme y con 
any coughing which may occur. Catheters are lubricated with upeica ^ 
diothane ointment and are well tolerated even with very light anes R3 * 
patients with excess secretions as in bronchiectasis or tuberei o sis, 

. is done after induction and'thorough aspiration before mtubatiom an a 

When the pleura is opened, the lung on that side is alio Tlie 

respirations are aided by slight pressure on the hag during msi 
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of tlio thoracic cavity. Jinny patients will hnvo a lowered vital capacity from 
pulmonary disease, or such procedures as pneumothorax or phrenic paralysis 
on tlio eoutralatcrnl side. This fact makes it desirable lo use an increased 
oxygen tension during the course of the operation. It is imperative to maintain 
adequate oxygenation at all times. One mast also watch for any evidence of 
increased CO, tension, ns this can easily occur even with an adequate supply of 
O,. It can be corrected by gentle pressure on the bag during inspiration, thereby 
increasing the volume of the respiratory exebunge. 

Nitrous oxidc-pcntothnl anesthesia has several advantages. For tho pa¬ 
tient it provides a pleasant induction with a minimum of nausea and vomiting in 
the postojierative period. It permits the surgeon to use an electric cautery and 
so materially shortens the time of operation. There is no increased bleeding 
from vnsodilatntion, ns may occur with other anesthetics. For the anesthetist it 
makes possible a smooth, rapid induction und allows him rapidly to deepen the 
anesthesia whenever necessary. It permits frequent aspiration of the branchial 
tree without fear of lightening tho anesthesia or danger from tho release of ex- 
plosivo mixture. It avoids excitement during the periods of induction and re¬ 
covery. Breathing is quiet, somewhat .shallow, and only slightly increased in 
rate; consequently, it is less likely to dislodge purulent material from tlio 
diseased portion of the lung. There is little change in blood pressure or heart 
rate. Recovery is rapid and patients are cooperative as soon ns they begin to 
react. 

Pentotlini, however, lias certain disadvantages. It is a marked respiratory 
depressant if used too freely. The period of recovery may lie prolonged. Throat 
reflaxes remuin activo and cough, hiccough, and laryngeal spasm are likely to 
occur, especially if there is any excess secretion in the trachea or nasopharynx. 

Coughing must he avoided us it is probably the most important cause of 
spread in pulmonary disease. Once it occurs it is not readily controlled by 
deepening the anesthesia. The offending secretions must ho aspirated. Cough, 
however, enn usually he avoided by omitting all preoperative medication und 
encouraging the patient to conlinuo raising the sceretious until ho arrives at 
tho operating room. We have found this very important. Premedication in 
the usual doses given one hour before operation will depress tho cough reflex and 
allow secretions to collect which will give trouble during induction and main¬ 
tenance of the anesthetic. 

After tho patient is in position on the operating tablo morphine sulfate, 
1/12 to 1/6 gr., with atropine sulfate, 1/300 to 1/150 gr., is given intravenously 
using an IS or 20 gauge needle. The hypodermic syringe is then discoimected 
mid tho tubing from the pentothul syriugo connected. Tho needle and tubing are 
securely fastened in placo with adhesive. Wo prefer an IS or 20 gauge needle 
as it is seldom occluded by blood and it can ho used to give additional fluids 
should the need arise. In 'most eases we have vised a 5 per cent solution of 
pentotlini. We prefer atropine lo scopolamine as vve found that patients re¬ 
ceiving scopolamine were likely to ho delirious and uncooperative during emer¬ 
gence from anesthesia. 
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OPERATION DISEASE 


Thoracoplasty' 

T.B. 

2nd stage 

Thoracoplasty 

T.B. 

2nd stage 

Thoracoplasty 

T.B. 

2nd stage 

Revision thoracoplasty 

T.B. 

Revision thoracoplasty 

T.B. 

Sequestrectomy 

Osteomyelitis of rib 
T.B. 

Lobectomy 

Lobectomy 

Carcinoma 

Lobectomy 

T.B. 

Pneumonectomy 

T.B. 

Pneumonectomy 

T.B. 

Pneumonectomy 

T.B. 

Pneumonectomy 

T.B. 

Pneumonectomy 

Carcinoma 

Pneumonectomy 

Carcinoma 

Exploratory and biopsy 

T.B. 

of mediastinal 
glands 

Exploratory 

Carcinoma of stom- 

Exploratory 

aeli and esophagus 
Carcinoma of lung 

Excision of secondary 

with bronchial 
obstruction 
Metastatic car- 

carcinoma involving 

ei no in a 

cheat wall and seg¬ 
mental resection of 
lung 


time of DEATH ~ cause “ ~~ 

lOtli P. 0. day Cardiac failure, sypliilitic heart 
disease 

3rd P. 0. day Diabetic coma, severe diabetic 


13tii P. 0. day Pulmonary hemorrhage 


4th P. 0. day Cardiac failure 
oth P. 0. day Cardiac failure 
14th P. O. day Meningitis 
5 weeks Developed bronchial fistula, 

4 weeks P. 0. 


2 days 
11 months 

On table 

8 weeks 

4th P. 0. day 

9 weeks 

2nd P.O. day 
On table 


3(5 hr. P. Of 


Pulmonary edema 
Spread and reactivation of 
opposite side 

Cardiac arrest following clamp¬ 
ing of main stem bronchus 
Spread 

Cardiac failure 
Myocardial failure, amyloidosis 
Embojus to brain, hemiplegia 
Hemorrhage from pulmonary 
artery 

Myocardial failure 


1 day 
3 days 


21 days 


Massive hemntcmesis 

Myocardial failure following 
attempt to go to lavatory 

Carcinoma, hypernephroma 


This was frequently associated with coughing, narcotics, or ingestion of food. 
Only three patients had severe persistent vomiting. One of these was a severe 
diabetic, difficult to control. 

Patients in whom intubation was done had less difficulty. Slight nausea and 
vomiting occurred in 12 per cent of eases. Two had moderate abdominal dis¬ 
tention. 

Two patients required catheterization postopcratively. 

One patient was irrational for two days following one stage of thoracoplasty. 
Four patients with inoperable carcinoma of the lung who were slightly iriationa 
at times beEore operation became quite disoriented after operation. These cases 
can probably be explained on the basis of hypoxia; they came to opeiation cy 
anotic, with a bronchus more or less obstructed by the tumor. This pieven e 
a normal exchange of gases in the blood reaching the involved lung. os ^ 

operative elevation of temperature with its increased metabolism mi D ' v 

account for the increase in this symptom. Definite improvement in 
occurs when it is possible to remove the involved lobes. One patien 
.pneumonectomy became irrational whenever the bladder was disten e 
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lung is always ro-cxpanded before closure of the chest. If excessive to-nnd-fro 
movements of llio niodinstinum should occur tlioy cau be quickly coutrolled by 
givhig 100 to 150 mg. of pcntothnl rapidly and deliberately depressing res¬ 
piration. Adequate exchange is easily maintained by gentle pressure on the 
bag. There is vory little disturbance of blood pressure if blood loss is com¬ 
pensated by blood transfusion. Pulse rate tends to inercaso 10 to 20 per minute 
and respirations are usually between 20 und 24, but somewhat shallower than 
normal. 

Five patients reeoived pentotha! solution into tissues through the needle 
tearing a vein or becoming dislodged. These were treuted by immediately in¬ 
jecting 2 e.c. of a 1 por cent solution into the urea and very little discomfoit was 
afterward experienced by the patient. One patient developed a mild phlebitis 
at the site of injection. In this ease we had chosen a vein which hud been used 
several times for intravenous fluids. We experienced no difficulty with laryngeal 
spasm. A rather slow induction, adequate oxygen, and attention to expec¬ 
toration of excess secretions proopemtivcly lessens the incidence of this com¬ 
plication. Upon ictum to their rooms most patients receive 1000 e.c. 5 per cent 
glucoso intravenously und 5 to G liters of oxygen per minute through a nasal 
catheter. Six, whoso breathing wits shallow, were given 3 to 4 e.c. mctrnzol 
intravenously with satisfactory results. Usuully a patient with secretions will 
expectorate on command 10 to 15 minutes before fully regaining consciousness. 

Patients anesthetized less than one hour receive from 0.3 to 1 dm. of pen- 
tothal and are usually reacting by the time they are returned to their rooms. 
Patients with pneumonectomies and lobectomies seldom receive more than 1.5 
flm. These patients usually' react within one-half hour. 

Tho older patients as u rule take longer to regain consciousness and their 
hlood pressure and pulse changes uro somowhat greater. 

A tabulation of all deatlis, whether from surgery' or extension of existing 
disease, is given in Table I. In no instance do we feel that the uuesthetic was 
a major contributing factor. 

Complications were as follows: Thoracoplasties whoro fair-sized cavities 
were being collapsed lmd increusod cough for a few days postoporutivcly’. One 
patient had tracheitis for two weeks follow'ing uitubation. No eases of atelectasis 
wore diagnosed. All patients who had prolonged postoperative fever were x- 
ru.ved. There were four coses of spread, ouo following pneumonectomy on a very' 
poor-risk patient who died eight weeks postoperatively; one following lobectomy 
for tul>erculosis with death eleven mouths postoperatively. Two patients with 
thoracoplasty had evidence of spread which cleared in n fow weeks. There was 
ona ease of extension of tuberculosis to the right upper lobe following a right 
lower lobectomy for cavity. This cleared within six weeks. 

Gastrointestinal complications were chiefly' nausea and vomiting. Thirty 
per cent of tho patients in whom intubation was not done lmd slight nausea and 
vomited once the eveidng of operation, usuully after taking fluids. Ten per cent 
had moderately severe nausea and vomiting for twenty-four to forty-eight hours. 
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SUMMARY 

We are reporting the use of combined pcntothal sodium and nitrous oxide 
in 363 consecutive cases. From this experience we have arrived at the following 
conclusions: 

1. It provides a high oxygen tension. 

2. It is nonexplosive. ' ' ' . 

3. It is nonirritant to the lungs. 

4. It has very little effect on blood pressure or pulse rate. 

f>. Excitement during induction and recovery is avoided. Respiratory 
depression, cough, and laryngeal spasm can be minimized and the period of 
recovery need not be excessively long. Postoperative complications have been 
few, considering the seriousness of the operations and the physical status of the 
patients. 
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Since more blood circulated through the remaining lung, the authors expressed 
the view that the functional diffusing surface was cither increased.in area by 
increase in the number of capillaries, or increased in efficiency by more blood 
passing through previously existing capillaries. The efficiency of gas exchange 
between capillaries and alveoli was, therefore, believed to be increased. The 
breathing reserves were found to be lower in various degrees of activity. How¬ 
ever, even in the most exhausting exercise, the reserves were not completely ex¬ 
pended. It was suggested that overdistention of the lung following pneumo¬ 
nectomy is not dcsrablc and that planned procedures to eliminate the possibility 
of marked mediastinal displacement should be considered. 

Studies in adults in the immediate postoperative period have been carried 
out by Maier and Command. 3 Determinations of arterial oxygen saturation 
demonstrated the unreliability of clinical criteria of anoxia. They found that 
the majority of patients had slight reduction in arterial oxygen saturation dur¬ 
ing the first postoperative week after pneumonectomy. In two cases of pro¬ 
longed arterial oxygen unsaturation, there was a mediastinal shift. The return 
of the mediastinum to the midlinc accomplished by aspiration of fluid produced 
a rapid return of the normal oxygen saturation level. 


Command and Berry 0 investigated adults at a later period after pneumo-. 
nectomy and found that the chief difference from normal function was "A 
reduction in breathing reserve in various states of activity. This reduction, 
caused by a doorcase in maximum breathing capacity, was greater in the older 
patients because of the cumulative effect of abnormal hyperventilation.” 0 They 
also found that “The decrease in maximum breathing capacity was not propor¬ 
tional to the loss of lung volume and was greatly influenced by the state of 
distention of the remaining lung. The late effects of pneumonectomy upon gas 
exchange in the lungs, the state of the respiratory gases in the arterial Wood, 
and the eardioeirculatory function, were insignificant.” 0 Furthermore, in fom 
patients on whom a supplemental thoracoplasty was performed, the ventilatoiy 
function was not adversely affected. In fact, this procedure definitely helpe 
several of these patients. The authors suggested that emphysema does not, 
perhaps, in itself prevent satisfactory functional results if the remaining ^ns 
is not permitted to expand further after operation. They found a greater 
incidence of dyspnea in the age group 53 to 65, because of the larger 1 eduction 
in the ability of the chest bellows to circulate air and the laigei \enti atm 0 
requirements during and following moderate exercise. There was also tonne a 
reduction in the efficiency of this group to supply oxygen to the tissues uiin D 


md immediately following exercise. 

In Iticnhoff’s study 7 of twelve patients who had undergone pneumonectomy 
‘ There has been some difference in the degree of compensatory ciata ion 
he eight patients with total pneumonectomy who survived operation, l V 
dl of them some hyperdistention occurred. This difference in c egi ee se 
\ot to depend on the age of the patient.” He found a marke tiac ea ^ 
placement in all his cases and concluded that “We have been a. e man 

evidence whatsoever that compensatory dilatation of the uuig m 


or animal is harmful.” 



AN ANGIOGRAPHIC STUDY OP THE FORM AND FUNCTION OP TIIE 
REJLYINING LUNG AFTER PNEUMONECTOMY 


Harold Nedhor, M.D., and Robert A. Nabatofk, M.D. 

New York, N. Y. 

B OTH tho form nnd fuuetioii of tiie remaining lung after pneumonectomy 
have become mutters of clinieul as well as theoretical interest because of 
tho rapid increase in the number of total pneumonectomies being performed. 
A survey of the experimental and clinical studies which have been made may 
begin witli reference to tho comprehensive work on dogs of Longnore, Carter, 
and associates. 1,1 They demonstrated that the age of tho animals at the time 
of pneumonectomy influenced the subsequent behavior of tiieso animals and 
also the pathologic findings in tho remaining lung. In puppies, tho functional 
capacity of tiieso animals uuder conditions of physienl stress soon returned to 
normul. There was enlargement of tho remaining lung, and, microscopically, 
increase in number and decrease in size of the alveoli. When adult dogs were 
used, tho functional capacity was found to be greatly reduced after operation. 
The remaining lung was enlarged but there was evidence of emphysema micro¬ 
scopically. When growing dogs were used, there occurred an early return to 
normal function to be followed some years Inter by modornto functional reduc¬ 
tion. Microscopic sludy revealed both regenerative and emphysematous proc¬ 
esses. These observations are consistent with those of Bremer, 1 who noted thut 
simple distention by dilation of the alveoli nnd respiratory uuits occurred after 
lobectomy or pneumonectomy in eats. However, n true regeneration by means 
of new growth of normal alveoli and respiratory units may occur. “Regenera¬ 
tion occurs in tho young, dilatation in those whose lungs have ceased growing.” 1 

Changes in the remaining lung after pneumonectomy in childhood have been 
described by Lester, Conrnand, and Riley,* who measured lung volumes, maxi¬ 
mum breathing capacity, ventilation, breathing reserve, and respiratory gas 
exchange under basal conditions, during moderate and sovero exercise, and 
shortly following exercise. Fifteen normal children and three children who 
had undergone pneumonectomy wore used for this .study. The results demon¬ 
strated that the total capacities of the remaining lungs were smaller in tho 
three who had undergone pneumonectomy than the total capacities of both 
lungs of normal children, hut larger than that of the right lung alone. Tho 
vital capacities in each wore greater than the assumed vital capacity of tho right 
lung of controls. Tho functional residual air was found to lie smaller in amount 
in cuses whore the lung was not pulled into the opposite chest. The dead spaco 
■ in tho bronchial treo was reduced and a relatively lurger proportion of tiie 
tidal air became effective, provided the total volume of tidal air was not reduced. 

From tho Deportment of Rmlloloffy anil the Surfilcal Servlco of tho Mount Slnat Hoeplta!. 
Now York. 

Received for publication Oct. 22, 1W7. 
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Chart I. 


NAME 

AGE 

JMAOXOSLS 

SIDE OP 

pneumonec- 

TOJtT 

INTERVAL 

after 

PNEUMONEC¬ 

TOMY 

MEDIASTINAL 

smrr 

0. D. 

GO 

Squamous cell 
carcinoma 

Right 

6 mo. 

Moderate 

J. E. 

GO 

Squamous cell 
carcinoma 

Left 

S mo. 

None 

J. Q. 

GO 

Squamous cell 
carcinoma 

Left 

8 mo. 

Moderate 

I. tv. 

G2 

Squamous cell 

Right 

10 mo. 

None (thoraco- 

A. B. 

47 

carcinoma 

Cylindroma 

Right 

1% yr. 

plasty) 

None (thoraco- 

A. P. 

55 

Squamous cell 
carcinoma 

Right 

2 yr. 

plasty) 

Slight 

A. B. 

G3 

Squamous cell 
carcinoma 

Right 

2 yr. 

Marked 

J. tv. 

5S 

Squamous cell 
carcinoma 

Right 

2% yr. 

None (thoraco¬ 
plasty) 

Jj. K. 

4S 

Mucous cell 
carcinoma 

Right 

3 yr. 

Moderate 

E. S. 

IS 

Adenoma with inva¬ 
sion of lvmph nodes 

Right 

4 yr. 

Slight 

R. K. 

5S 

Squamous cell 
carcinoma 

Left 

7 yr. 

Moderate 

A. C. 

50 

Sarcoma 

Left 

10 yr. 

Moderate 


As fax - as any gross alteration of vascular pattern in the remaining lung 
is concerned, it was seen that there was a notable uniformity of findings among 
ulmost all the patients. The vascular pattern presented an essentially normal 
arrangement, in regard to size of vessels and their distribution. There were 
some minor abnormalities, and these consisted of: 

1. Varying degrees of displacement of the pulmonaiy artery toward the 
operated side, accompanying the mediastinum 

2. Some angulation and a turning on itself of the uppermost medial branch 
of the remaining pulmonary artery 

3. Visibility of the vessels at a lower level than usual in the lower lobe, 
delineating a downward displacement of the diaphragm. 

These features are well illustrated in Fig. 1: This was a 47 -year-old 
woman who had had a right pneumonectomy three years previously for diffuse 
mucous-cell carcinoma. Her postoperative course was uneventful and she has 
remained asymptomatic since operation, complaining of shortness of brea 
only when performing strenuous activity. Her angiogram revealed a mo erate 
shift of the mediastinum toward the operated side, and demonstrated c ear y 
how the uppermost branch of the remaining pulmonaiy artery may ^ome 
“turned on itself” to supply that portion of the lung which has 1 . 

into the right side of the chest. This vascular distortion, although piesen 
all cases to some degree, was marked in this patient. It can a so e 
Fi". 1 that the vessels in the lower lobe and the pulmonaiy parenc } ma i 
prominent at a lower level than usual, associated with deseent of the i«P ° g 
The vessels can be seen behind the gastric “air bubble. 1 e 
changes, the vascular pattern is within the normal range. 
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A few observations may lie mado od the foregoing outline of tho work 
which 1ms been done on tile subject. Piist, there is ns yet no evidence in 
children of changes in the lung as noted in experiments on young animals. 
Second, somo mensure of dilatation of blood vessels nnd hyperdistention of the 
lung (emphysema?) is believed to occur with mediastinal displacement, which, 
according to one set of observations, results in interference with function and, 
according to another, does not. Third, almost all ngreo that a pronounced 
deviation of the mediastinum is the factor which produces compensatory' changes 
in blood vessels and parenchyma nnd resultant reduction in function, particularly 
in tile older age group. For this reason thoracoplasty is advocated by some, 
either immediately, to obviate mediastinal displacement, or subsequently, in 
order to improve existing dyspnea. 

Sineo the important question of alteration in form and function is con- 
corned with tho ultimate and not the immediate, nnd since the severest test would 
he in the older age group, we chase n substantial number of patients with 
pneumonectomy performed for eaneor for clinical study. Tho time which had 
elapsed since operation ranged from six months to ten years. According to 
clinical tests (vital capacity nnd dyspnea on mild exertion) significantly reduced 
pulmonary function was not seen, regardless of deviation of the mediastinum, 
wlrieh was not infrequent and was, at times, pronounced. Thoro wore a fow 
exceptions in which the remaining lung was known to have been diseased before 
operation, or in which it lieeauie infected, with tho sequelae of infection occurring. 

It was then evident tiint a study of tho topography of the pulmonary 
vessels in these eases would throw additional light on the question of the 
change in form and perhaps offer indirect evidence ns to changes in function. 
Twelve patients ranging in age from J8 to 02 years, who had undergone pnou- 
monectomy for malignant tumors, were utilized for angiograpliic studies. 
They were elioseu at random, some with and somo without pronounced medi¬ 
astinal distortion, and they represented varying intervals after pneumonectomy, 
ranging from six months to ten years. (Chart 1.) 

Tho technique of angiography was that developed by Sussman* at the 
Mount Sinai Hospital. The patient received an intravenous injection of 50 e.c. 
of 70 per cent Piodrast, and five films were taken in rapid succession by a 
specially devised easelle shifter, so that the various mediastinal and pulmonary 
vessels were successively visualized. There were no serious untoward reactions 
even among patients over 60 yenrs of age. 

Tho films were studied with tho following questions in mind: 

1. Aro there any gross alterations in size, shape, or distribution of the 
vascular pattern in tho remaining 1 ungt 

2. Aro there any significant changes hi tho mediastinum or its vessels? 

3. To what extent does tho remaining lung oxpand, ns evidenced by the 
distribution of blood vessels? 

4. Is tho time oloment after pneumonectomy itself responsible for 
significant vascular changes? 

5. What happens to the stump of tho severed pulmonary artery? 
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seen, two years after pneumonectomy tor carcinoma. Tlie postoperative course 
was essentially uneventful, but he developed the most severe mediastinal shift of 
all the cases in tliis series. Even with this marked change in position, there is no 
significant obstructive element or irregularity in the lumina of the affected 
vessels, and the pattern of the pulmonary artery and branches in the remaining 
lung is essentially normal. Hence, no disturbance in cardiopulmonary function 
need be anticipated from the films, and none, in fact, exists clinically. 



r vascu iur pattern essentially normal 

Fie. 2-seven yca^attor^ PJXbTe e ffi^cn>eni n o 0 f n m r ain Pulmonary artery. „ 



— ena cava cx 

FiS tVe 3 ^°.s& Nomml'vScufar pattern In rema.nl 
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In only one patient did the remaining pulmonary artery appear to bo 
somewlmt larger than normal. This ivas in a 58-year-old patient who was 
oporated upon seven years previously. Even in this patient one cannot be 
sure of enlargement of the vessel. In the one ease in which angiograms wero 
performed before pneumonectomy, there was no significant chunge in the size 
of the remaining pulmonary artery when the first angiograms were compared 
with ones taken srf months after operation. 



, Fig. l. —-Three year* after pneumonectomy. Modla*tlnum moderately ahJfted toward 
operated *ide. Curved auporlor brunch of left pulmonary artery with b rune he* cro«*Jng mld- 
llne, Indicate* expansion of upper lobe Into dead *pace. Downward expansion of lower lobo 
visible. 

Concerning tko major mediastinal vessels, it can be anticipated from 
Pig. 1, that with this moderate mediastinal displacement, there is no significant 
displacement of the aorta. This was found to be true in the vast majority of 
cases. However, the large venous trunks are distorted in some easos, as seen 
in Pig. 3, in which there is to he seen pronounced displacement of the loft 
innominate vein and superior vena cava. This patient was a 03-year-old man, 




THE JOURNAL OF THORACIC SURGERY 


normal lung and that large areas in the lower lobes function only to a minimi 
extent except on violent exertion. Thus, the enlargement of the lung after 
pneumonectomy may represent nothing more than an unfolding or qpemh£ up' 
so to speak, of these areas. The angiograms appear to establish this point for 
the branches of the pulmonary artery are spread over a larger area, particularly 
in the lower lobes, but they are unaltered in diameter. Any significant degree of 
emphysema would probably produce changes in the vascular pattern, according 
to the classic work of Robb and Steinberg. 0 They demonstrated by angiography 
that in emphysema, the main branches of the pulmonary artery appear enlarged 
and the peripheral branches narrowed and wirelike. 




Fig. 5.—Ten years after pneumonectomy. Patient iisjTOpt o ma.tic despite n 

and great vessels. Normal vascular pattern in remaining lung. 


of ■ 

Concerning changes in the vascular pattern in relationship to the patient. i- i 
the patient and the interval of time since pneumonectomy, the ff i 0 2 rains 

in this series was 14 years old at the time of pneumonectomy. e ^ a3 
four years postoperatively revealed the vessels in the remaining if a 

completely normal as in the older age groups. It was fe _ gross 

long enough period elapsed after pneumonectomy, there m 0 . 
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Turning to a consideration of the remaining lung, in this group of cases 
it is ovident from the angiograms that extreme hyperdistontion has not occurred 
even with pronounced distortion of the mediastinum. A portion of the upper 
lobe “bulges” into the operative area along with the tracheal shift, when 
mediastinal displacement occurs, ns seen in Fig. f. Judging from the pulmonary 
vessels within the bulge, tho amount of pulmonary tissue involved is not great. 
In any event the vessels within the bulge are not greatly distorted or angulated 
and are neither thinned nor widely separated as would be anticipated if pul¬ 
monary emphysema occurred in this area. 



Fic. 4.—Eight month* niter pneumonectomy. Poaterior-anterior erect film. Elevation of 
diaphragm demonstrates largely obliterated dead »pace. 

A consistent feature is the downward displacement of the diaphragm which 
appears to be due to an expansion of tho lower lobe rather than tho lung as a 
whole, to judge from angiograms. Often enough it is only in this direction that 
the lung can expand, for tho dead space on tho operated side may bccomo rapidly 
reduced by tho presence of fluid and the upward shift of the diaphragm (Fig. 4). 

Tho important question is whether or not tho expansion of the lung in 
any direction occurs at the expense of function (emphysema) with “compensa¬ 
tory” changes in the vascular pattern and (or) parenchyma. The angiograms 
appear to establish that simplo expansion occurs. In this connection it may 
not be amiss to emphasize the proved existence of a considerable reserve in the 
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respiration, the position of the diaphragm, and the physique of the patient are 
factors which must be considered in the analysis of the films and which render 
unsafe the interpretation of changes, if any, in the finer branches of the pul¬ 
monary artery. 


CONCLUSIONS 

1. There is no significant abnormality in size, shape, or distribution, of 
the vascular pattern in the remaining lung after pneumonectomy, in the majority 
of cases. 

2. In this series, when no thoracoplasty had been performed, there often 
occurred moderate displacement of the mediastinum and great vessels; this was 
marked in only one case. 

3. The expansion of the remaining lung, as judged by the vascular pattern, 
was not as great hi these eases as has been described. 

4. There occurs no alteration in size or recognizeablc thrombosis within.the 
stum]) of the resected pulmonary artery. 
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vascular changes. In Pig. 5, which is an angiogram performed ten years after 
pneumonectomy for primary sarcoma of tho lung, when the patient was 40 
years old, tho pulmonary vascular patlorn appears to bo normal. In this con¬ 
nection it should ho mentioned again that in the ono patient in this series who 
did scorn to have a somewhat onlurged pulmonary artery, the time interval after 
pneumonectomy was soven years. 

The condition of the stump of the severed pulmonnry artery can he con¬ 
sidered hriofly. In many eases it wns clearly visualised and in no instance was 
there any enlargement or suggestion of Ihromlms formation. In Pig. C, which 
is an angiogram two years postpneumonectomy in a 55-ycar-old patient, the 
stump is woll visualized. The clips on the adjacent main bronchus aro seen, a 
technique for closure of tho bronchus wiiich was employed occasionally at 
that period. 



Flfj. 0.—Two years after pneumonectomy. Smooth stump of pulmonary artery to bo noted below 
metal dlfai on bronchial stump. Vascular pattern normaL 

A brief discussion concerning the interpretation of angiograms is in ordor 
before stating the conclusions which have boen readied from this study. In 
the first place, this appears to he tho first investigation by angiography of the 
remaining lung, and the number ol cases is not large. Second, tho interpretation 
of topography by angiograms is direct hut the interpretation of function is 
inferential. Finally, vascular alterations in tho finer branches of the pulmonary 
artory may be present but cannot be snfoly interpreted by the angiographic 
technique which has been employed. The position of tho patient, the phase of 
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normalities; however, it is not understood why this deviation from normal has 
taken place or precisely what physiologic or physical aberrations have occurred 
in the embryo to produce the pathologic state in the infant. 

Several hypotheses have been offered to explain the occurrence of cystic 
tumors of the mediastinum. Lewis and Thyng 15 have noted that knoblike in¬ 
testinal diverticula are found frequently in embryos of the pig, rabbit, and 
man. They believe that from these structures there may arise diverticula which 
usually degenerate and disappear but which occasionally may persist as perma¬ 
nent diverticula oy cysts. This observation would, in part, explain the common 
occurrence of multiple cysts randomly situated along the gastrointestinal tract 
and the histologic similarity of mediastinal cysts and intestinal reduplications 
and cysts found by Ladd and (dross 1 - and by’ Poncher and Milles. 22 The latter 
authors have described the post-mortem findings in an infant 29 months of age 
in whom there were found an intramesenteric diverticulum arising from the 
ileum and containing in its wall gastric mucosa and a polyp composed of gastric 
mucosa and two extrapleural cysts of the mediastinum which contained gastric 
mucosa, most of which had undergone pressure atrophy and perhaps digestive 
necrosis. 

The findings of Lewis and Thyng perhaps would explain che origin of the 
mediastinal cyst in the ease reported by Steele and Schmitz. 29 In their patient 
a cystic tumor was removed from the posterior mediastinum and a firm nodule 
measuring 2 by 1 cm. was found at the lower pole. The nodule was covered 
by mucosa which resembled that of the fundus of the stomach. 

Nevertheless, it is necessary to go beyond this hypothesis to explahi the 
cy r stic tumors of the mediastinum which are almost complete anatomic and 
physiologic reduplications of the normal stomach. In such cases there de¬ 
velops within the mediastinum what is virtually’ an accessory stomach con¬ 
taining mucosa, submueosa, and muscular layers entirely’ similar to those of 
the normal stomach and carrying out a functional activity’ that has in some 
resulted in peptic ulceration of the wall of the tumor. Such cysts are found 
only’ in infants since gastric juices are produced rapidly and retained m a 
closed space so that the increasing size of the cyst soon causes death by intei- 
ference with respiratory function, or by rupture into a neighboring organ. 

Needham 18 has reviewed the knowledge and theories of functional deve op 
ment of the embryo. From this review one gathers that there is an oiganizei 
hormone (an evocator) present throughout the egg. The organizer is e ievec 
to determine the eventual form of cells which it influences. Moieover, i® 
organizer will influence similar cells in a different manner accoiding to 


locations. T 

Schwartz and Williams'- 5 have utilized the material gatbeied y ee 
in his general review of the subject and have synthesized a theory to o^that 
the development of gastric cysts within the mediastinum. T ley 
gastric cysts develop by this mechanism: ‘‘Tlie organiser substance m h 
the evagination of the lung buds and their further proliferation, ei i ■ 
some change in time or intensity factors along its gradient causes ^ ^ ^ 
tion of what would form an accessory lung (NebeiiUmgen) mi » situa tion . 

cardia of the stomach or lower esophagus. Because of the anatomic 
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A LTHOUGH gastric cysts of the mediastinum aro of infrequent occurrence, 
tlie serious effects produced by them warrant consideration of the knowl¬ 
edge gained by study of even single ansi's. 

Excellent reviews of reported eases have been made by Olken, 51 by Olenik 
and Tondutnick, 30 and by Schwartz and Williams. 3,1 There are, in addition, 
several eases that have not been included in the reviews of these authors. An 
appropriate jx'i'spivtive may lie gained by a summary of the cases reported 
to date. Twenty-seven eases 1 ' 3 * have been repor ted and usually no one per¬ 
son’s experience has embraced more than a single case. Of the twenty-seven 
reported eases only two were found in individuals over 15 years of ago; nine¬ 
teen were in Infants under 1 year of age; four were between 12 and 24 months 
of age; and one child was 4 years old. Fourteen wore males, ten females, and 
in throe the sex was not stated. From these figures it Is apparent that the 
anomaly is indeed an unusual one aud that it is usually of elinicul significance 
in the first year of life. 

Terminologic idiosyncrasies and inaccuracies have caused considerable con¬ 
fusion. Cysts containing gastric mucosa have been called gastric cysts, gastro- 
gonic cysts, accessory stomach, mediastinal cysts of gastric origin, thoracic 
gastric cysts, esophageal duplications, mediastinal cysts of enteric origin, and 
gastroenteric cysts. In our opinion simplicity and accuracy are served equally 
well by calling these structures gastric cysts of the mediastinum sinco it is the 
gastric mucosa which produces a course different from other mediastinal cysts. 
That they aro cysts containing fluid is without doubt. It is equally true that 
all contain some elements of the gastric wall; mucosa only in some, all three 
layers in others. In some the gastric origin of the cyst is recognizable only by a 
small fragment of mucosa resembling that of the normal stomach. In others the 
cyst in its entirety may lie a facsimile of the nonual stomach. This is true 
in our own ease and in the eases reported by several others. 10 ’ ir ’ ,3 ' 31 

So little mucosa may lie present that its secretory naturo is not apparent 
or the mucosa may secrete copious quantities of gastric juico containing hydro¬ 
chloric acid, popsiu, and rennin. 

In infants and children gastric cysts, if at all productive of symptoms, arc 
usually rather rapidly lethal unless they are removed. In adults the difficulties 
of differential diagnosis among benign cysts of tho mediastinum and malignant 
or potentially malignant tumors aro so great that excision is usually desirable 
and advisable. 

THEORIES OF DEVELOPMENT 

Tho entire problem of congenital defects and abnormalities remains con¬ 
siderably shrouded in obscurity despite several explanations that liavo lieen 
offered. It is possible to understand what has happened to produce these ah- 
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dyspnea is markedly increased during feeding and that swallowing may pro¬ 
duce transient cyanosis. The result will ho a serious interference with nutri¬ 
tion and a refusal to eat when deglution interferes with breathing. 

Cyanosis, either transient during feeding, crying, and straining, or per¬ 
sistent, follows increased impairment of respiratory function that may he caused 
by increase in the size of the cyst or by concomitant atelectasis or pneumonia. 

Cardiac palpitation may occur if the cyst involves by pressure the heart 
or the cardiac nerves. 



Fig. 1.—Posteroanterlor roentgenogram allowing lluirt level on right side: note hemUertebrne 

upper thorncie and cervical spine. 

Hemoptysis has been observed occasionally and is caused by actual necrosis 
of the lung, by involvement of the bronchial vessels, or by the development o 

a fistula between the cyst and the air passages. 

Chest pain occasionally occurs and is probably caused by pressure upoi 

the parietal pleura and intercostal nerves. ,, 

Functional activity of the cyst may occur but will cause no symptoms o 1 
than hematemesis and then only if there is a communication with t ie es0 I*^ 
gus. Hematemesis may he the presenting symptom and be paiticu ai j se 
if there is. peptic ulceration of the cyst wall. It is, of course, possn e m ^ 
those cases Avith peptic ulceration of the cyst wall pain may ensue u 

conjectural only. stools, 

Helena, either as frank blood in the stools or in the foim o al ^p ao . us _ 
may occur if there is a communication between the cyst an t ie es 
Ulcers of the cyst wall or a diffuse inflammatory reaction may cause 
and the discharge of blood in vomitus and stools. c p est to . 

Physical findings are those of a'space-occupying mass wi m even 

gether with those of the associated pneumonia or atelectasis. °' V sical ’ gigM( ' 
a very large cyst may be associated with a surprising pauci y o p y 
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at the time this could occur, the assumption seems reasonable. As the result of 
ehunges in tho anatomic relationships that accompany continued development, 
this organiser influence wanes thus allowing the stomach organisers to exert 
their influence to tho completion of differential development even to include 
functional activity. With the formation of the mesenchymal coats (later mus¬ 
cular) and the development of the diaphragm, this exclusion is pinched off 
into tho posterior mediastinum, but still retains sufficient attachment to the 
lower end of the esophagus to rotate to the right with the rotation of the stom¬ 
ach.” 

This hypothesis has certain convenient aspects but remains "an assump¬ 
tion” and does not offer much information ns to why these tilings happen or 
how. it must bo admitted that although interruption of tho orderly develop¬ 
ment of the germ layers does occur and by this occurrence does produeo ab¬ 
normalities nnd defeets in tho infant, the fundamental reason for such occur¬ 
rence is not known. 

Understanding of the results produced by congenital abnormalities is on 
much sounder ground. It is welt appreciated that developmental aberrations 
of tho embryo may produeo pathologic states in tho infant nnd adult that nro 
of varying symptomatic magnitude. Thus a mediastinal cyst may seriously in¬ 
terfere with health nnd growth and even ho a enuso of denth; or it may remain 
asymptomatic and he found by cliuuee in an x-ray survey or at post-mortem. 

Symptoms produced by these cysts result from pressure on neighboring 
structures and consequent interference with the functions of these organs or 
by functional activity within the cyst itsolf. Symptoms are of earlier occur¬ 
rence and of greater magnitude in cysts with functional activity. Tho more 
nearly the structure of the cyst approximates that of tho normal stomach, the 
more serious will he tho symptoms caused by it. 

Inasmuch ns gastric cysts usually arise in tho posterior mediastinum and 
encroach by their growth upon one or the other ploural spaee (usually the 
right), the pressure of their presence first will he apparent on tho soft struc¬ 
tures of the immediate vicinity'. Among twenty-seven reported eases tho cyst 
protruded into tho right hemithorox in twenty-one eases; this is probably be¬ 
cause tho aorta is a fairly' effective barrier against extension into the left hemi- 
thomx. 

Interference with respiratory function is observed most commonly and con¬ 
sequently dyspnea Is a frequent symptom; this results from pressure on the 
membranous posterior wall of tho trachea nnd major bronchi and by r interfer¬ 
ence with complete and free expansion of the lungs both by usurpation of the 
spneo provided for them and by r production of atelectasis as a result of partial 
or complete bronchial occlusion. 

Gough, usually dry aud hacking, is caused by irritation of tho contiguous 
trachea and bronchi. The cough may bo productive, if infection ensues distal 
to a point of partial bronchial obstruction. 

Dysphagia in its true character of difficult, swallowing is most uncommon 
since the liquid aud soft foods of tho infunt diet will pass with ease through 
even a partially constricted esophagus. However, it is often observed that 
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cian and surgeon, is scarcely necessary since almost all cystic tumors of the 
mediastinum should be removed surgically unless there is a serious contraindi¬ 
cation. 

The diagnosis may be made absolute by aspiration of fluid from the cyst 
and demonstration that the fluid is indeed similar to that produced in the 
stomach. This may be done by titration of its acidity and by the identification 
of pepsin or rennin. However, aspiration is not without danger of infection 
and leakage of corrosive gastric juice into the mediastinum or pleural cavity. 
It should, therefore, be done not to establish a precise pathologic diagnosis of 
the exact nature of a mediastinal cyst but only if doubt exists that the lesion is, 
a cyst rather than a loculated pleural effusion. In the event that aspiration is 
deemed essential to diagnosis, the appropriate site for introduction of the needle 
should be determined by careful localization of the density in roentgenograms 
taken in at least two projections. The fluid found within the cyst may vary 
from thin and watery to thick creamy material that resembles pus. However, 
even a physical resemblance to pus seldom will confirm a diagnosis of empyema 
since usually the cellular content of the fluid will little resemble that of pus. 

TREATMENT 

The only effective method of treatment of gastric cysts of the mediastinum 
is surgical. Complete removal of the cyst in one stage is by far the most de¬ 
sirable method but occasionally expedience will dictate partial removal aud 
destruction of the remaining mucosa or marsupialization with prolonged drain¬ 
age and repeated efforts to destroy the mucosa. Certainly primary external 
drainage by thoracotomy or intercostal catheter is illogical and undesirable 
since the secreting mucosa is not destroyed by this method and eventually ex¬ 
cision will have to be attempted through an infected field. 

In infants the effects of the cyst are usually so severe as to jeopardize 
the life of the child and consequently removal of the cyst is imperative. With 
anesthesia adequate for intrathoracic operations there is no reason'why the 
operation cannot be undertaken even in newborn infants. A transpleural ap¬ 
proach through the side on which the cyst is most apparent allows geneious 
exposure of the mediastium and permits the surgeon to dissect the cyst free 
from its often intimate attachments to the great vessels, the esophagus, an t le 
lung. It would seem that an extrapleural mediastinotomy is unnecessaii y ie 
stricting in exposure since the danger of an open pleura can readily be overcome 
by a competent anesthetist. 

In adults gastric cysts are of infrequent occurrence and cause sev J ie ?* 
life-threatening symptoms since they rarely contain actively sccieting ° as *** 
mucosa. The rarity of gastric cysts in adults is, of course, an indication o 
almost uniformly lethal nature of the anomaly in infancy. Asjmiptoma re 
may very occasionally be found in routine x-ray surveys. Blades las iepo 
a series of 109 mediastinal tumors found in adults; although 3-t^o p e . 

were benign epithelial cysts none contained gastric mucosa. Isevei e 
cause of the great difficulty in determining the nature of a me ias j” . ^ 

without histologic examination, removal of the tumor is advisa ) e e\ 
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Roentgeuogramy nrc indispunsublo in dingno-sis of a mcdiastinid tumor but 
thoro are no roentgen signs that will lend unerringly lo n precise diagnosis of a 
gastric cyst. Tho appearance on the roentgenogram is that of almost any solid 
or fluid-containing mediastinal tumor. The dense shadow of the gastric cyst 
is found in the posterior mediastinum and may extend into the right or left 
hemithorax. The eyst may eontnin air if there is a communication with tho 
esophagus or trachea (Figs. 1 and 2). The form of tho cyst tends to he 
spherical in the smaller ones and elongated in the long uxis of the body in the 
lurger cysts. Tho form is, of course, determined hv the pliancy or immobility 



Fig-. 2.—LatomI roontjjoiiOBTam; fluid Ilea poatorlorly. 


of the neighboring structures. Ancillary signs of the pressure effects of the 
cyst nrc varying degrees of atelectasis and obstructive or compensatory' em¬ 
physema of the lung. Roentgenograms should be made in the upright position 
in frontal and lateral projections; obliquo projections are occasionally’ useful 
in demonstrating smaller cysts. Esophngograms aro of great value since dis¬ 
placement or distortion of the relatively’ mobile and pliant esophagus can bo 
demonstrated readily without risk to tho patient. There is little reason for 
using a bronchogram as a diagnostic aid since this procedure is very difficult 
hi infants and is hazardous as well in those with respiratory' embarrassment. 
Small cysts that cannot lx> demonstrated in conventional roentgenograms some¬ 
times may’ bo revealed by planigranis of the mediastinum. 

Bronchoscopy aud esoplingoscopy may lie helpful in excluding an endo¬ 
bronchial or cndoosophngeul lesion If such doubt exists; otherwise these exami- 
natioas will only confirm the knowledge that there is a reduction in tho lumen 
of the tube caused by on extramural mass. 

All these diagnostic aids will lead only to the recognition of a probably 
cystic tumor of the posterior mediastinum without disclosing tho true nature of 
the lesion. Indeed such accuracy of diagnosis, while pleasurable to tlm physi- 
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a gastric cyst and none will survive with cysts containing actively secreting 
mucosa. From the fact that the successful cases have increased in recent years, 
it is apparent that, with increasing competence of thoracic surgeons and anes¬ 
thetists, extensive intrapleural operations in infants can he undertaken more 
safely. 



. --——' ' ^ 1 

Fig. 4.—Interior of opened cyst; note gastric rugae and large ulcer at upper 

CASE REPORT 

C. M„ a B d « immtlm, TO. ~ 

ineventful for nine months when he hud mot era e . tliereafte r vomited bloot 

during the eleventh month he passed several tarry * took.and so red blood pour- 

itreaked material. Tim next day he had a £ whole" blood traasfusio^ 

ng from the mouth and rectum. He was hospi increased densitym the n a 

At that time a roentgenogram of the chest -bowed a area of » of pep* ulcer 

hemithorax but the significance of tins was ]w J on a fluid diet. He com 

made at another hospital and the child whs ^ alld occasionally had difficulty 

tinued to gain weight but was writable, coug * er j ing on the right side, 

in breathing in a recumbent position. He seem 1 J vomiting, diarrhea, an 

At the age of If months lie was acutely ill ' d l(1 ’maided showed the densi 

X **«*>»«— «*»«-s w rsS 

it. the right l.omitliorax .till ' time oJ aJu.is.iou to lh » ™».»” 

v ravs and a barium enema were normal. , nxce pt for the chest. t-.P 

pS ou Fob. 6, 1947, physical examination was —l except 
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tho patient is in perfect health uml without symptoms nt the time it is found. 
Iu such a caso complete removal is most desirable. Occasionally it may be 
permissible, and indeed sometimes essential, to leavo behind a portion of the 
cyst wall if its removal from the great vessels or other contiguous structures 
wonld bo too hazardous. In such circumstances the mucosa itself may often 
lie removed or destroyed by an eseharotie agent after the cyst has l>cen opened.' 



Flff. 3.—External appoaranco of cy*t In It* distended state’ noto similarity to normal stomach 
with pylorus at lowor end. 

In seventeen of the reported cases operative procedures were carried out; 
these have been reported by tliirteeu authors.’ 1 “■ *■ ”• 13110 ' 1Ti 16 ' ,3 ' 331 M * 33 
Complete excision, oitlicr as a primary procedure or secondary to drainage 
or marsupialization of tho cyst, was attempted or carried out iu twelvo cases; 
of this number seven patients survived and five died as a result of the opera¬ 
tion. In five of the cases other operative procedures (exploration alouo, mar¬ 
supialization and cautery destruction of the mucosa,' paraffin plombage) were 
done; of this group two patients survived and three died. It is to bo noted 
that of the seven patients who recovered after excision, two wero adults with 
cysts in which only remnants of gastric mucosa were found. 

It is apparent from these figures that operation is hazardous. On tho otbor 
hand, without operation only a very few infants will survive to adult life with 





s 


E 








-jr 


u.—High-power magnification of mucosa of cyst wall to show tjphal seer 

mucosa. 

incised and the cyst freed by combined sharp and blunt dissection. The "* itself was 
pletely removed from the pedicle which extended into the nee ,an ^ amounts of 

then ligated with silk sutures. The pleural cavity was lavag■ d s P utures . The lung 

saline solution and the mediastinal pleura closed loosely with i P juterspace poste- 
wns expanded and a small Pezzer catheter was placed throng ^ the pic,mil 

riorly for postoperative drainage. Penicillin, 200,000 units, was 

cavity and the wound closed in layers with interrupted silk sutures. . 








Flff. 5.—Low-power photomlcroirram showing- mucosa. submucosa, and two muscle layers of cyst 
wall; note similarity to normal stomach. 


fluid level opposite the first anterior rib. In the lateral x>rojection, the greatest opacity was 
posterior (Figs. 1 and 2). Incidental findings were spina bifida of the lower cervical verte¬ 
bra and a hemivertebra in the upper thoracic region. Fluoroscopic examination of the 
ehcst showed both leaves of the diaphragm to be moving normally. A barium meal foiled 
to reveal any communication between the esophagus and the cystic tumor in the mediastinum. 
The stomach was normal in position and appearance. 

Possible diagnosis of a cystic tumor of the mediastinum or a loculoted empyema with 
a bronchopleural fistula were considered ami it was felt that thoracentesis was advisable 
since ultimate treatment would depend to a Inrgo extent on tho nature of the fluid. Fifty 
cubic centimeters of thin, brownish fluid containing darker solid particles were aspirated. 
This fluid gave a positive guise test and hod a free acid of 12 degrees and a total acid of 
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Tlie eyat measured 14 by 5 by 1.5 cm. In aixo ami resembled grossly a normal infant 
stomach. The wall was uniformly resilient and nvernged .3 cm. in thickness. Tho inner 
surface consisted of mucosa in rugal folds typical of stomach. A .5 cm. ulcer was found 
at the upper end of tho cyst. Tho cyst contained about 75 c.c. of yellowish fluid which 
was negative for occult blood and had 1R.6 degrees free and 32.4 degrees total acid 
(Figs. 3 and 4). 

Microscopic Description *.—Sections from various portions of the wall of the specimen 
showed a typical secreting gastric mucosa. In several situations collections of acute 
inflammatory cells were scattered throughout tho mucosal glands. A small mucosal ulcer 
covered by fibrinous exudate was present. Mucosal capillaries were congested. Tho sub¬ 
mucosal tissues wort* slightly flbrusod. Tho inner mnn’iilature, circular layer, was composed 
of a histologically normal, smooth muscle. The outer musculature, tho longitudinal layer, 
did not appear unusual uud was slightly thicker than tho inucr circular layer. Tho outer 
tissue, the wwosa, was fibrosed and focnlly hemorrhagic. Arteries and arterioles in all layers 
of this cystic structure were not unusual (Figs. 3 nnd 0). 



Flff. 7.—Postoporuttvo roontgoiiograni showing only slight residual pleural thickanlng. 

Diagnosis .—Diagnosis was gustric cyst of mediastinum with a small ulcoratiou of 
mucosa. 

Tho postoperative course was complicated by development of a plounil effusion on tho 
right side hot tills responded to frequent aspirations and cheniutherapy. 

Six months after operation the boy was in good health with no indication of otbor 
cysts bolow tho diaphragm. Postoperative roentgenograms (Fig. 7) showed only slight 
pleural tbickoning. 
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Tho patient was a well-developed, well-nourished, white woman who did not appear to 
be ill. There was no cyanosis. Examination of the head, eyes, ears, nose, and throat was 
essentially negative. The heart was not enlarged to percussion and no murmurs wero heard. 
Radial pulses were equal and regular. The chest moved equally and adequately with respira¬ 
tion. The percussion note was everywhere resonant and the lung bases descended fully and 
equally. The breath sounds wero vesicular throughout but slightly distant over the right 



Fig. 1.—Roentgenogram of chest in patient with solitary xanthoma of lung. 





SOLITARY XANTHOMA OP THE LUNG 


H. William Scott, Jr., M.D., Andrew 0. Morrow, M.D., 
and Torrence P. B. Payne, JI.D. 

Baltimore, Md. 

W E have recently had nu opportunity to obsorvo a clinically benign tumor 
of the lung in a young woman. After a successful lobectomy with removal 
of the lesion, pathologic study allowed this tumor to be a so-called “xanthoma.” 
Since wo hnvo been unable to find a similar case previously recorded, this caso 
is reported in detail. 


case report 


F. AT., a 34-ycnr-old white housewife, first came to the outpatient department of the 
Johns Hopkins Hospital on April 3, 1940, for examination ns recommended by hor family 
physician. 

Family history was noncontributory. Tho patient's post health hnd been good. Ten 
years previously sho had had an episode of albuminuria and edema of the face. Tills was not 
associated with pregnancy and cleared without specific thorapy in about ten days. Eleven 
years prior to admission she had an attack of mild left-sided pleurisy lasting about one week 
and unassocinted with cough, fever, weight loa« / or hemoptysis. For the past five years she 
hnd had occasional ankle edoma after standing. The patient denied any exposure to tuber¬ 
culosis. 

Tho present illness was dated from September, 1045, at which time she had mild hemop¬ 
tysis for flvo days. Tins was intermittent and associated with pain in the right supraclavicular 
region. It was not associated with fever, sweats, weight loss, or mnlalso. Shortly after this 
a chest x-ray taken by the family physician is said to liavo shown a lesion in the lung, not 
thought to be tuberculous. 

Since September, 1045, the patient lind been completely asymptomatic; there lmd been 
no further hemoptysis, and no pain, cough, weight loss, or sweats. 

Physical oxnmination upon admission to the outpatient department was completely 
negative except for slight impairment of breath sounds over tho right lower chest. 

A chest x-ray taken at this timo (Fig. 1) revealed a normal cardiovascular shadow. In 
tho right eardfophrenic angle a circular circumscribed lesion was apparent. On fluoroscopy 
this was found to bo in tho anterior portion of the right lower lobe. The remainder of the 
lung holds was olenr. Bronchoscopy on two occasions failed to show any endobronchial 
pathology. Broncbogrnma allowed no communication of the moss witli any bronchus and were 
normul in all oilier respects (Fig. 2). 

A tuberculous lesion was strongly suspected and for tills reason tho pationt was followed 
carefully for u period of ten months. Serial x-rays during this period did not show any 
clinngo in tho bIio, shape, or position of the mass. Repeated smears and cultures of the 
sputum failed to reveal tubercle bacilli. The Alanfoux test was only slightly positive offer 
forty-eight hours with 0.1 c.c. of 1:1,000 old tuberculin. 

Accordingly a diagnosis of long tumor, probably benign, was made and on Fob. 3, 1947, 
the patient was admitted to the surgical sorvice of this hospital. 

During the period of observation in tho out-patient department the patient had 
remained entirely asymptomatic. 

Physical Examination .—Tho temperature was 09.2° F.; pulse, 88; respiration, 22; blood 
pressure, 0(3/70. 


, From tho Department* of Surgery and Surgical Pathology of the Johns Hopkins Univer¬ 
sity School of Aledictno and the Johns Hopkins Hospital 
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Fig. G.—Area showing a preponderance of xanthoma cells. One giant cell and 
collection of lymphocytes are present. 

Fig. 7.—Interlacing hands reminiscent of the structure of a neurinoma. 
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lower chest posteriorly. There was no clubbing of fingers or toes. The remainder of the 
physical examination revealed no abnormalities. 

Laboratory Studies* —l T rlimlysis \m« negative; hemoglobin 13 grams per cent; lencocyto 
count wa* 0,000 with normal differential; sedimentation rate (corrected) 24.0 mm. per hour; 
icteric index 0.0; sputum smear revealed no acid-fast orgnnisms. 

Operation .—On Fob. 5; 1947, Dr. Alfred Blalock, using omlofrnclieal cyclopropane-other 
anesthesia, performed a tlioracotomy through a right posterolateral incision, resecting a por¬ 
tion of the sixth rib posteriorly. A few filmy adhesions were present between the lung and 
tho cheat trail. Tho upper and middle IoIjos were normal in nppearunco and consistency. The 
Imsul segment of tho right lower lolw contained a linnl moss the slxe of a large lemon wliich 
was completely contained within the parenchyma of the lol>e. No other masses were palpable 
and no hilar nodes were felt. Accordingly a right lower lolieetomy was performed and tlio 
chest closed without drainage. The jmtient withstood the procedure well. 

Courts .—Tlio postoperative course wna extremely smootli. The patient wna ambulatory 
and comfortable by the second postojK*nitive day. X-rays revealed good expansion of tho 
remaining 1oIk*m with a minimum of tiuid. Thoracentesis was not necessary. 8hc was given 
penicillin 240,000 nnits daily for nino days. 



Fjff. a.—FhotoBruph of resected right lower lobe (patient F. II.) with Incision Into substance of 
lobe exposing well-clrcumscrlbeil xnntnonm. 

Because of the xanthomatous appearance of the tumor (Fig. 3), numerous postoperative 
Inlwrutory procedures were enrried out. Cephalin fiocculntion and thymol turbidity were 
within normal limits. Serum nonprotein nitrogen was 41 mg. per cont; cholesterol 200 mg. 
per cont; total Berum protein 0.7 Qtu. per cent with albumin 4.3 Gm. per cent and globulin, 
2.4 Gm. per cent; amylase 233 mg. j>er cent reducing substance; phosphate 4.0 mg. per cent 
and alkaline phosplmtase activity 2.0 Bodansky units. Bilirubin was 1.6 mg. jwr cont total, 
0.9 mg. per cent direct, Bromsulfalein showed 2.0 mg. per cent retention. Intravenous 
urograms showed normal collecting system and ureters. Serologic tests for syphilis were 
negativo. No evidence of generalised xnnthomntoais could be delected. Liver and spleen 
were not palpable nnd no suggestive cutaneous lesions were present. Roentgenograms of the 
skull and long bones showed no abnormalities. 

The patient was discharged asymptomatic on the thirteenth postoperativo day. Physical 
examination of tlio chest at this timo showed decrease in breath sounds at tho right base with 
slight impairment of percussion. She has remained in good health in tho nino months finco 
disclmrgo from the hospital. 


A REPORT OF A CASE OF LOCALIZED BRONCHOPULMONARY 
MONILIASIS SUCCESSFULLY TREATED BY SURGERY 

Alfred Hunwm, M.D., and Raymond Yesner, M.D. 
Newington, Conn. 


INTRODUCTION 


ORONCHOPULMONARY moniliasis was first described by Castcllani 1 in 
■*-' Ceylon in 1905. Many of his patients contracted the disease by inhaling 
tea dust in factories. In 1906 he found mycelial filaments and yeastlike bodies 
in the sputa of men suffering from tea tasters’ cough. The clinical picture 
closely resembled tuberculosis, varying from mild cough to fever, hemoptysis, 
emaciation, and death. He struck a note of caution in making the diagnosis 
because monilia, which may exhibit all degrees of pathogenicity, are frequently 
found in the oral cavity of man. Ho described'four pathogenic species: Monilia- 
tropioalis Castcllani, Monilia pinoyi Castcllani, Monilia Ivrusei Castellani and 
Monilia metalondinensis Castcllani, hut indicated that other species with the 
same biochemical reactions may he nonpathogenie. He felt that pathogenic 
forms could be differentiated by intrapulmonary inoculation into rabbits with 
subsequent formation of characteristic pulmonary nodules. 

In 1915 Boggs and PincoftV- reported the first case of bronchopulmonary 
moniliasis in this country with post-mortem findings. Up until 1931 only 
five cases of bronchopulmonary moniliasis were confirmed by post-mortem 
examination. One of the most complete descriptions was made by Warr. 3 
The disease may manifest itself in protean ways and affect the following 
structures: (1) tonsils, (2) bronchi, (3) conjunctiva, (4) intestinal tract, 
(5) ears, (6) urethra, (7) skin, (8) central nervous system. In addition, live 
instances of blood stream infection, all occurring in drug addicts, have been 
reported. Wcssler and Browne 4 reported complete recovery of a patient with 
mondial bacteremia during the use of Nal intravenously and thymol and KI 
orally. Hiatt and Martin 3 reported cure of a patient treated with anti- 
candida rabbit serum, after iodides had been discontinued because of severe 
skin eruptions. Intravenous gentian violet has also been used. All forms o 
therapy have been only sporadically successful. Surgery has not been 
previously described as a therapeutic measure. The following case lepoit 
represents the first successful surgical extirpation of localized bronchopulmonary 
moniliasis. 


CASE REPORT 

A 22-year-old, well-dovelopcd, white man was admitted to the hospital on Feb. 
with a history of hemoptysis for three months. Threo months before admission ie ere 
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Pathologic Study .*— 

Grass description: Tht* iptrinii'ii ronsisfs of Hie lower lob© of ft lung'. The pleural 
surfaces nro smooth and pink. The lung tissue is only slightly crepitant ami within It a 
firm, round mass can bo felt. On section this mass appears to bo well circumscribed (Fig. 3), 
mrasurca 4,5 cm. in greatest diameter and is composed of somewhat friable, yellow tissue, 
which lias ti smooth elmlklike cut surface. In tho center of the mass thcro is apparently a 
thin-walled blood vessel measuring about 1 cm. in greatest dinmoter and filled with blood 
clot. Small areas of hemorrlmgo ore also seen around tho periphery of tho mass. Tho sur¬ 
rounding lung tissue is compressed and at one point only a tldu layer nlxmt 2 mm. in thickness 
sejKiniteH the tumor from the pleural surface. Representative blocks are taken for microscopic 
study. 

Microscopic description: All of tho sections show a luxuriant growth of oval or spindle- 
shaped cells (Fig. 4) lying on u background of eosinophilic fibrillary collagen. Scattered 
among tliem singly or in groups (Figs. 4, 5) nro largo, round, or polyhedral cells which have 
a small dark nucleus and foamy cytoplasm which stains deeply with sudan lV and is doubly 
ref me HI©. Lymphocyte* are scattered lightly throughout tho sections and an occasional 
plnsmu cell and cosiaophlle uro seen. A few multinuclcated giant cells aro also present 
(Fig. 0). In a fow areas the eollogenous material has a tendency to form interlacing bands 
reminiscent of the structure of a noarinoma (Fig. 7) ; no nervous elements can b© demon¬ 
strated, however, either by tho Masson triehromo stain or by tho Wilder method. There arc 
a few small areas of heniorrhugo and foci of hemosiderin-laden macrophages aro found 
scattered in tho sections. Tho grossly described blood vessel In tho center of the mass is 
seen to consist of an area of Iaked red blood colls, hemosiderin, and cholesterol clefts sur¬ 
rounded by hyaline scar tissue. Around the growth there is a dofinifo connective tissuo 
capsule which in some places ia thin and partially broken thiouglu Elastic stains do not 
rovenJ any lung framework within tho mass itself. 

Final Diagnosis. —Xanthoma in lung. 

COMMENT 

Considerable confusion exists concerning tho nature and etiology of the 
disturbances of lipoid mctnlwlism manifested by xanthomatous masses, whether 
local or generalized. Oruenfeld and Siclig 1 in 1934 and Thnnnhauser and 
Mogendantz* in 1938 made exhaustive studies of the xanthomatous diseases. In 
general these authors consider the various forms of xanthoma to represent meta¬ 
bolic disturbances rather than noopbistic processes. They classify the xanthoma¬ 
tous diseases as (1) primary xanthomatosis with and without hypercholesterol¬ 
emia, (2) secondary’ xanthomatosis associated with lipemia, and (3) localized 
xanthoma cell formation in true tumors. 

In the case reported hero there was no ovidenco of general metabolic dis¬ 
turbance as manifested by diabetes, hypercholesterolemia, or lipemia. No xan¬ 
thomatous lesions were present in tho skin and no osseous changes woro demon¬ 
strable. Therefore, it would appear that tho solitary tumor of the right lower 
lobe of tho lung in our patient represents cither a xanthomatous deposit of a 
primary nature or xanthomatous replacement of an underlying neoplasm, no 
identifiable remnants of which remain. 
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n scanty coagli with fever, and called a physician who confined 1dm to bed for one week 
with “virus pneumonia.” Because of continued cough with daily production of about one* 
half ounco of sputum, occasionally blood-streaked, roontgenognuus of tho chest were token 
in November, 1940, and Jnnnary, 1947. They revealed a porsistent opacity in tho upper lobe 
of the right long and tho physician made a tontativc diagnosis of pulmonary tuberculosis. 
Tho pntlent Imd no dyspnea or easy fatigability and had gained two pounds in weight sinco 
tho onset of tho illness. 

Physical examination revealed n well-nourished patient who did not appear ill. The 
tompornturo was 9S.4* P. und tho pulso rate wus 70 lxmts per minute. Examination, of tho 
lungs was negative. X-ray views of the chest revealed an ovoid area of infiltration 3*£ cm. 
in diameter in the axillary segment of the subapical division of the uppor lobe bronchus 
(Pig.-l). 

Laboratory studies revealed that tho red cell count was 4,700,000, hemoglobin 81 per cent, 
and the white cell count 0,400 with a normal differential. Tuberculin intradermal test (PPD) 
was negative in dilutions of 1:10,000 and 1:3,000. Six concentrated specimens of tho sputa 
and of tho gastric juice were negative for tuberculosis and pathogenic fungi. A guinea 
pig inoculated with tho sputum was outopsied in the eleventh week and tuberculosis could 
not l>e demonstrated. Coecidioidin skin test (1:1,000) was negative. 

Sputum collected on May 13 and May 10 und cultured on Sabouraud's medium grew 
out numerous yeustliko colonies, which after subculture on sucrose, maltose, and lactose 
showed the cultural characteristics of Candida albican*, including branching forms on stab 
preparations.* On May 10, examination of the right chest was negative for fungi. On 
Juno 2, 1 c.c. of the eulture of C. Albicans from the sputum was injected into a rabbit’s 
ear vein. On Jane 10, autopsy of the nnlmul revealed numerous bilateral renal granulomas, 
which were firm, yollow-white, and measured up to 1 enu in diameter. Microscopically they 
consisted of acuta granulomas in which neutrophilic and eosinophilic polymorphonuclear 
leucocytes predominated (Fig. 2). Tho surrounding tubnlos were filled with similar exudate. 

Clinical Course .—Tho patient had an ofobrile course but continued to raise about ono* 
half ounce of sputum which was occasionally blood-streaked. Bronchoscopy and bronchograms 
were noncontributory. Bccnuso n lung abscess could not Iw ruled out, ho was given a course 
of sulfadlaxino (0 Gm. dully) and penicillin up to ono million units dally. In addition, 
aerosol penicillin (30,000 units every four hours) was tried without any resultant diminution 
in the sixo of tho lesion. Since carcinoma of the lung was a distinct possibility and sinco 
tho lesion, if not malignant, might prove amenable to surgical extirpation, an operation 
was performed on May 2, 1947. The pleura was opened through the bed of the fourth rib. 
A circumscribed, somewhat firm lesion was observed in the axillary segment of the gub- 
npical division of the right upper lobo in close proximity to the oblique fissure. Since the 
lesion was firmly adherent to tho parietal pleura, the Inttor wus removed with the diseased 
portion of the lung. A wedge excision of tho diseased axillary segment, which included the 
segmental bronchus, was performed. Tho edges of tho defect were dosed with abort, run¬ 
ning sutures of No. 00 entgut. A No. 20 Foloy catheter was left in the pleural space and the 
wound was closed in layers with silk. 

The patient made an unoventful postoperative recovery. On two occasions 330 c.c. of 
sanguineous, atorile fluid were removed from the pleural cavity. The patient was discharged 
on the nineteenth postoperative day. He was completely asymptomatic when seen ono year 
later. ' 


Pathology Eei>ort .■—Tho specimen consisted of a 5,5 by (J by 3 cm. wedge-shaped mass 
of lung tissuo, to which was adherent a 4 by 1,5 by 0.7 cm, strip of musclo (Fig. 3). The 
lung was congested, red, and atelectatic. Tho base of the wedge consisted of both pleural 
layers, to which intercostal muscle was adherent. The apex of the specimen presented n 
5 mm. channel with a 1 mm. thick, whito wall, suggestive of a bronchos. Through this 


•Became of tho highly technical nature of fungus Identification, a culture was submitted 
to Dr. Norman F. Conant of Duke University, who luentlfled It as Candida (monllta) albican*. 
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opening projected a white, translucent, gelatinous, shiny membrane. The channel opened 
into a thick-walled, cystic structure measuring about 1.5 cm. in diameter and lined by the 
same translucent material, resembling a “thrush” membrane, which was removed, leaving 
a roughened, pebbly surface with numerous blood clots. The wall measured up to 1 cm. 
in thickness, was lirni, and contained many small, yellow foci. 

On microscopic examination (Pigs. 4, and 5), the wall of the cavity was found to be 
lined by granulation tissue with numerous capillaries and fibroblasts nnd heavily infiltrated 
with plasma cells, and less heavily with lymphocytes, neutrophilic and eosinophilic poly¬ 
morphonuclear leucocytes. The outer portion of the wall consisted of a layer of collagenous, 
fibrous tissue, in which eosinophiles and lymphocytes were the predominant white cells. The 
surrounding lung tissue was congested and atelectatic. About the blood vessels and small 
bronchi, lymphocytes formed follicles which allowed considerable germinal activity. Adjacent 
to these follicles, the alveoli were frequently lined by euboidal cells. Some of the alveoli and 
bronchi contained “dust cells” and vacuolated monocytes; others were filled with red blood 
cells and neutrophiles. In the area between the cavity and the pleura, the lymphoid accumu¬ 
lations wero particularly dense. Only a few bronchi and channels lined by euboidal cells 



remained. The channel at the apex of the specimen was lined by bronchial epithelium,which 
became ulcerated as it joined the cavity. The pleural layers and in t ere os a n . ect ; on- 
fused by vascular fibrous tissue, through which the blood vessels courset m a ra 
Lying loosely within the cavity there was u network of fungal myce ni, c ose m . 

by neutrophiles. Frozen sections and hanging drop preparations o tie case, nu j 

brane revealed that it was a growth of fungus, haying the segmented, bronchi g > 
clilaniydosporcs characteristic of C. (monilia) albicans. 


COMMENT 

Bronchopulmonary moniliasis is a difficult cliagnosiy ^ tO]^ ^ 

Ian tests arc equivocal . 0 - 7 Monilia present in tie spu 11 characteristic 

athogenic or may he a secondary invader. Discovery of the cinuac 
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Fig. 3.—Lung specimen, showing bronchus at entrance to cavity, which ii filled with sera I- 
uttaclieJ, (gelatinous, monlllal membrane. 




Fig. 4.—Low-power phototmicroffrnph of granulation tissue wall of lung cavity, showing looee 
mass of mycelia In Lho cavity. 







CONSTRICTIVE PERICARDITIS WITH OBSTRUCTION OP 

PULMONARY VEINS 

Walter Lawrence, Jr., S.B., M.D., W. E. Adajis, M.D., and 
Donald E. Casskls, M.D. 

Chicago, III. 

S INCE Che vers’ 1 excellent description of chronic pericardial disease in 1842, 
there have been many publications about this disease. Most authors sep¬ 
arate the disease into constrictive pericarditis, a fibrous process of the peri¬ 
cardium without external adhesions, and chronic mediastinopcricarditis, a proc¬ 
ess in which the external adhesions are predominant. In some cases such a 
clear-cut distinction cannot bo made. 

Effective surgical therapy for constrictive pericarditis had not been accom¬ 
plished until three decades ago. Brauer 2 in 1902 described a rib removal pro¬ 
cedure called eardiolysis. This, however, was of value only in the mediastino- 
pericarditis group despite its indiscriminate usage. Delorme 3 in 1898 pro¬ 
posed removal of the constricting pericardial sac, but reports of pericardial re¬ 
section did not appear until 1920. Tn the ensuing ten years there were reports 
of surgical cures by RehnJ Volhard and Schmieden, 5 Sauerbruch,® Churchill, 1 
and Beck. 8 In the last two decades there has been more widespread use of 
this procedure. 

In a typical case of constrictive pericarditis there are symptoms and signs, 
of right-sided heart failure in a patient with a small quiet heart. The peri¬ 
cardial scar limits diastolic filling, thereby decreasing stroke volume. In most 
eases this has a marked effect on the systemic venous circulation, producing per¬ 
sistent serous effusions, edema, and elevated venous pressure. There is also 
tachycardia, low pulse pressure, and pulsus paradoxus. Detailed physiologic, 
clinical, and surgical discussions of this condition and its variations have been 
published by Beck and Griswold,® White, 10 Hcuer and Stewart, 11 Blalock and 
Bunvell, 12 and Selim’s. 13 

Different classifications and concepts of pathogenesis have been expressed 
through the years by Pick, 11 Kelly., 15 Rolleston, 10 Cursclunann, 1 ' Rothstciu, 
and others. Constrictive pericarditis has been described under other names 
such as Pick’s disease, adhesive pericarditis, and polyserositis. Much of this 
variation is probably due to the unknown etiology of the majority of eases 

reported. , 

Most writers report approximately 20 per cent of their cases as prove 
tuberculosis (Cole and associates 10 and Harrison and White- 0 ). In contrast, 
Blalock and Burwell 12 reported the tubercle bacillus as etiologie agent in 
per cent of their twenty-eight surgical eases. Another group of cases are re 
garded as sequelae of pyogenic pericarditis. Rheumatic pericarditis is now 
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membrane of moniltul infection in the diseased portion of the lung is tho 
most valid diagnostic procedure. The nppcnrnnco of a cavity connecting with a 
bronchus, filled with n gelatinous, white membrane and adherent to the 
chest wall, corresponds closely to the necropsy findings described by Warr.’ 
Microscopic examination of the membrane proved the existence of numerous 
fungal elements, identifiable ns C. (monilia) albicans. Attempts to demon¬ 
strate other agents by baeteriologie and histologic methods failed. Thore was 
also failure to elicit a history of any antecedent disease. Further evidence of 
the association of monilin with tho pulmonary lesion was the consistent 
appearance of the typical organisms in the sputum. These organisms from 
tho sputum injected intravenously into a rabbit’s ear 8 produced granulomas 
of the kidneys resembling the nodules in the lungs of a rabbit produced after 
intrnpulmonary inoculation by Castellani.’ Clinically, the sputum was scanty. 
The glairy, sticky quality with a sweet or yenstlike odor described by others 
was not present. The gross and microscopic picture of the lesion, the demon¬ 
stration ot monilia in the membrane lining the cavity, the finding of monilia 
in the sputum by direct examination anil culture, a positive virulence test in 
an inoculated rabbit, and the failure to demonstrate any other causative agent 
or to elicit a history of antecedent disease are the reasons for calling this a 
case of primary bronchopulmonary moniliasis. Only the lung was invaded 
in this case. 

Vaceino and drug therapy have been only sporadically successful.’• *■ Di 10 
Surgical intervention should lie considered as an effective therapeutic procedure 
in tho treatment of localized bronchopulmonary moniliasis. 


SUMMARY 

The first ease of primary bronchopulmonary moniliusls successfully trouted 
by surgical excision has licen rei>ortcri. The patient bos shown no clinical 
or x-ray evidence of recurrence of the disease during the year following 
operation. 
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Kg. I'fand i). Um ° r Wer ° C ° nS '“ 3crCd P ° Ssiblc dhl S noses from the x-ray appearance (sec 

T f s — T ' lc ven0lls P^^ure in the right antecubital vein was 319 m' and 
3-0 mm. of water on two measurements. Vital capacity was 2.5 liters. The electrocardio 
gran, was interpreted as showing right axis deviation. There was low voltage of the 
tricular complexes. fa 

JVorHnp Diagnosis.- A working diagnosis was made of tumor or cyst in mediastinum or 
pericardium with impingement upon or obstruction of the pulmonary circulation. 



.1. B. 

Fie. 1. — A, Chest roeiittrenoyrani of patient at time of admission. Note bilateral pleural 
• ■Illusion anil sharply defined capacity cxtcudinK out from left border of heart. B, Lateral 
t host x-ray view showing the capacity to be In the anterior mediastinum. 

Preoperative Course .—The boy was observed seven weeks before surgical exploration. 
Attention was directed to the generalized fluid accumulation. Two days after admission 
(March 2, 194(1) a paracentesis was performed yielding 4,200 c.c. of bright orange-yellow 
fluid with a speciflc gravity of 2,010. Total protein determination gave a value of 3.20 Gm. 
per cent. Tests for bile were negative. Microscopically, red blood cells were seen. No tiling 
grow on culture of the fluid. 

Three days later (March 5, 1940) a paracentesis yielded 700 e.c. of bloody fluid with 
a specific gravity of 1.010, total protein 1.0S Gm. per cent, albumin .55 Gm. per cent, globulin 
.53 Gm. per cent, and nonprotein nitrogen 22 mg. per cent. The patient had decreased >n 
weight from 09,4 to 00.S kilograms in this one week of preoperative preparation. 

Operation .—Tho anesthesia was ethylene-oxygen plus ether under positive pressure. 
High oxygen concentration was necessary throughout the procedure. 

An incision was mado encircling the lower aspect of tho left breast, and t e 
pleural cavity was entered through the left fifth interspace after division of the fourt an^ 
fifth costal cartilages. Considerable pleural fluid escaped as the cavity was opene . 
left lung was found to be very firmly fixed to tho heart and mediastinum anteroin 
and both visceral and parietal pleura in the region were markedly thickened. A rm n ^ 
mass approximately 2 to 2(4 inches in diameter was found located in the anterior me tas ^ 
directly over the pulmonary conus. It was bound down firmly with dense a esio 
to thickening of the mediastinal pleura. 
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considered u rare cause of constrictive pericarditis although it is responsible for 
most asymptomatic adhesive pericardiuins and mcdiastinoporicarditis, (White, 10 
Harrison and White, 20 Sprague and co-workers, 21 Scllors, 13 and others.) 

With few exceptions the remaining eases are classified ns idiopathic. All 
but one of our eight eases fell into this category. It was said by Trout 52 
that the problem iu establishing the etiology in this group is duo to the fact that 
an organism causing a prolonged defensive process would bo difficult to find late 
in the disease. Some authors feel that these are unproved cases of tuliercnlosis. 
Wells 22 postulated a spread of selorogenic products of tubercle bacilli to peri¬ 
cardial and pleural surfaces from adjacent tuberculous lymph nodes. Duo to 
lack of evidence, the etiology in a large proportion of eases remains unde¬ 
termined. 

The following cuse is being reported because of an unusual basis for un¬ 
successful surgical therapy. The pulmonary veins were markedly stenosed by 
fibrous tissue. This unique phase of the process was not disclosed until autopsy. 

CASE REPORT 

A white boy, (No. 370848), aged 14 yearn, was seen for the Jlrtt time at the University 
of Chicago Clinics on Feb. 27, 1040, Complaint* were swelling of tho abdomen for five 
to six weeks, dyspnea for four week*, and ankle swelling for several days. Past history 
roveoled an episode of severe dyspnea three years previously which subsided in three days. 
A chest roentgonognuu at that time by u locnl physician showed a marked semicircular 
bulge on tho left hoart border In the region of the pulmonary conus. He was asymptomatic 
until October, 1045, when ho wo* admitted to a contagious disease hospital for a short 
period with a questionable diagnosis of meningitis. In Jnuuary, 1040, he developed a ro- 
spimtory infection from which ho recovered in two weeks. Two weeks subsequently, how¬ 
ever, ho noticed an abdominal enlargement. Paracentesis yielded four quarts of straw 
colored transudate from which nothing wus cultural. In the remuining three weeks boforo 
udmihsion to tho hospital ho required two moie paracenteses. 

Tills boy liad had the common childhood illnesses and liad not had rheumatic fever. 
Tho family history wns noncoutributory. 

Physical examination revealed u well-developed, but not too wcll-nourishod, boy. There 
was bilateral ploural offusion and riiles at tho left base. Tho respiratory rate was 24 por 
minute. The heart was enlarged to percussion. On auscultation the heart sounds were 
distant nnd indistinct. No friction rub nor murmurs were heard. Tho heart rate was 130 
and there was a doflnite pulsus paradoxus. The blood pressnro was 112/88. Tlio abdomen 
was very distended and tense, and a fluid wave wus present. No organ* wero palpable, but 
the livor was porcusaible two Angers bolow the costal margin. Thoro was 1 plus odeum 
of the ankles. 

Laboratory .—Blood examination revealed a red blood cell count of 5.2D million, hemo¬ 
globin 15 Gm., hematocrit 48, and wliito blood cell count 7,050. Tho differential count was 
02 per cent polymorphonoclears, 34 per cent lymphocytes, 3 per cent monocytes, and 1 per cent 
eosinophils*. AVas&ermann, Kahn, Mantoux In 1:1000 concentration, and tho tuberculin 
patch test wero all negative. Tho > sedimentation rate was 5 mm. per hour (Wintrobo). 
Blood chemistry values were: nonprotcin nitrogen 22 mg. per cent, plasma proteins 6J5 
Gm. per cent, albumin 3.14 Gm. per cent, globulin 3.29 Gm. per cent, albumin-globulin ratio 
of .05; serum cholesterol 130 mg. per cent, and alkaline phosphatase 8.0 units. Tho urine 
was normal. 

X-ray views of the chest showed bilateral pleural effusion and a large rounded mediastinal 
mass on tho left side. The heart was enlarged. An e ary am of tho aorta or pulmonary' artery 
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Operation. Tlio operation was performed on April 4, 1940. The inciaibh, ; exteij’d^ 
from the left third costal cartilage, downward over the left border of the sternum, and" 
outward over the sixth costal cartilage. The pectoralis major muscle was reflected laterally ■: 
and the fourth, fifth, and sixth costal cartilages were removed subperichondrially along 
with a short stump of the anterior onds of the fourth and fifth ribs. The left pleura and' 
lung were then dissected laterally from over the perichondrium after ligation of the left ? 
internal mammary vessels at the upper and lower end of the exposed area. ~ . V 

The pericardium was definitely thickened and very little cardiae movement could be 
seen. On opening the pericardium, hemorrhagic transudate spurted out under high pressure. 
The incision in the pericardium was enlarged and a large amount of fluid was removal 
The anesthetist stated that the color of the patient improved immediately and the blood 
pressure increased to 130/100. The pericardium was then excised over an area approri-’- 
mntely 2% bv 2 inches and a large Penrose drain was placed on tlio bottom of the/pjeri-i.', 
cardial cavity. . 

Exploration with a finger revealed no adhesions between the pericardium. and tlia.'! 
heart muscle. The epicardium was somewhat thickened but did not interfere. witE'heartc 
activity. The chest wound was then dosed in layers. The Penrose drain was 8ntured.'’t6/; 
the skin. During the procedure the patient received 200 c.c. of whole blood and 2O0.;C&;.ojh 
normnl saline solution. • 

The thickened pericardium removed at surgery allowed perivascular infiltration/of; 
chronic inflammatory cells. Nothing was cultured from the fluid. A guinea pig Intodwhich'y 
the fluid was injected was later sacrificed and found to be normal. 

Postoperative Course. The patient made a satisfactory recovery with routine.nianhge-/ 
ment. The wound healed readily. The cardiorespiratory function improved considerably,/ 
With the occasional aid of diuretics, the pleural fluid and ascites markedly decreased; 
and the ankle edema disappeared. The boy felt well and was able to walk aboutr-in^bw : 
room. : 

On May 3, 1940, a grnyisli-wltitc membrano on the palate was observed, considered) 
"Vincent’s angina, and treated as such. One week later the diagnosis of moniliasis' 
was established. Tlio lesions involved the pharynx, nasopharynx, larynx, and tracHea'. 
by that time. They were treated locally with 2 per cent aqueous gentian violet ^ands 
systemically with sulfadiazine, 5 Giu., and sodium bienrbounte, 3 Gm. After ; groifSv 
hematuria on May 10, 1940, the systemic therapy was abandoned. The visible lesioi^,, 
disappeared after two weeks of therapy, but therapy was continued for two months. 

After May 10 his condition in relation to the primary disease was relatively stationary.. 
Urinary output averaged around 000 c.c. per day except for occasional days when 1 e,c. ,o• < 
Mereupurin was given to induce diuresis. Breathing was difficult at times, but pleural flui y 
by x-ray and fluoroscopy was decreasing in amount. Some ankle edema and ascites ac 
cumulated in mid-June and paracentesis was done Jnne 18. The 4,8(0 C.C. of rear 
yellow fluid had a specific gravity of 1.020. . .. _ .. 

An x-ray on June 27 showed the heart to be relatively normal in size an a sran 

amount of pleural fluid was present (seo Fig. 3). , 

Ascites and ankle edema became evident again on July 10, 1946. ere 
venous engorgement and the venous pressure was 300 mm. of wntor. ^ 

Mereupurin (1 c.c.) was given to promoto a diuresis about once a wee 
patient continued to pureue a somewhat static course. Plasma proteins, non 
nitrogen, and the venous pressure remained at the previous levels. . 

Another paracentesis of 3,400 c.c. wns done July 29. Despite remora 
quantities of pleural and ascitic fluid the plasma proteins were at no o 
The albumin-globulin ratio, however, was always less than one. - hase ana. 

"■ By August the disease process was thought to have entered a 

- further surgery seemed indicated. An incision xvas 

Operation.- Aug. 13, 1940, partial pericardectomy was done.^ ad■ 
x made through the scar of the former operation, the upper and lower g 
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After mobilizing tho lung from the pericardium anil mediastinal pleura, a cleavage 
plane was found between tho tumor moss and the pericardium, and by blunt and sharp dissec¬ 
tion it wna gradually freed from those structures. It was firmly attached to tho pericardium 
by danse fibrous adhesions. No largo blood vessels wero encountered. 

As soon as tho muss was mobilized tho conus showed considerable pulsation, and it was 
ovidoat that this lmd been considerably obstructed by the mass. On release of this obstnic- 
tion, the patient's respiratory rnto dropped from 42 to 28, his color improved perceptibly, 
and tho pulse rate ns well as quality improved. The muss was completely removed. 

Tho chest wound was closed in layers, n poziur suction catheter being brought out 
through a stab wound for drainage. 

Tho patient was given 1,1G0 c.c. of whole blood and 300 c.c. of normal saline solution 
while on tho operating table. 

The mass was a luultiloeulated cyst about S by 0 by 5 cm. with walls varying from 
1 to 5 mm. Tho cyst contained some clots and some reddish brown fluid which, analyzed 
chemically, gave these values: total protein 5.75 Urn. per cent, albumin 2.75 Gnu per cent, 
globulin 3.0 Gni. por cent, nonprotcln nitrogen 41.3 nig. per ceut, sugar 34 mg. per cent, total 
cholesterol 2<J3 mg. por eont, and fiee cholesterol 179 mg. per cent (see Fig. 2, A). 
Histologically It consisted of fibrous walls and organizing granulation tissue as a cyst 
lining. There weru hemosiderin deposits and a few lymphocytoa and plasma cells scattered 
throughout the connective tissue. Several large endothelial-lined vascular structures filled 
with blood elements established the pathologic diagnosis ns cavernous henmngloma of the 
mediastinum (See Fig. 2, D). 



A. B. 

FIp. 2.— -A, Photograph of opened tumor mass removed from over the pulmonary conus 
In the anterior mediastinum. Note multiloculation with consldorablo Obrosls In the trabeculao. 
B, Low-power microscopic section throucb entire tumor mass. Note spaces of various sizes 
and shapes partly filled with blood. Some irons of calcification may be soen. 

Postoperative Course .—The patient did well following operation and appeared to be 
improved, but only for a short time. Tho wound healed by primary intention. Fluid con¬ 
tinued to accumulate in the peritoneal and pleural cavities, however, and tho venous pressure 
remained elevated. The left pleural cavity gradually became obliterated. Paracentesis and 
thoracentesis on tho right side of the chest were corriod out and diuretics given. 

On fluoroscopic examination the cardiac movements wero markedly diminished. This 
finding, along with increased venous pressure, strongly suggested tho diagnosis of pericardial 
effusion or constrictivo pericarditis. Aspiration of tho pericardial cavity revealed a rela¬ 
tively small amount of bloody fluid. An exploration was thought to be indicated. Plasma 
proteins nt this time wore 7 Gut per cent, nlbumia 3.1 Grn. por cent, and globulin 4 Gnu 
per cent. 
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There was a slight increaso in urinary output and on Aug, 19, 1940 the sixth 
postoperative day, the carbon dioxide capacity of the plasma was GG.8 vol. pe’r cent and 
the pH was 7.4. Plasma proteins and nonprotein nitrogen were only slightly altered from 
tho values on Aug. 10, 1940. The sedimentation rate, as on every determination through¬ 
out the course, was not elevated. 

A paracentesis on Aug. 18 yielded 2,950 c.c. On Aug. 22 an x-ray examination 
of the chest revealed bilateral congestion of the lungs (see Pig. 4). 

Respiration became labored on Aug. 20, one week after surgery, and the urinary 
output was only 200 c.c. per day. On Aug. 22 tho boy became cyanotic and respiration 
was still more difficult. A chest film showed passive congestion and a small amount of 
pleural fluid. The output that day was only 150 c.e. 

At 4 A.M. on Aug. 2d his condition became decidedly worse. He was very cyanotic, 
respirations were slow, pulse was very weak, and lie could not be aroused. 

He improved slightly in tho early morning with repeated doses of caffeine and 
sodium benzoate, Corninine, and Hi galea. However, respiration became very weak, pulse 
irregular, and the extremities cold and moist. Rales and rouchi were heard in the chest. 
He died at 12:40 km. 

.lafofwy.—The body showed emaciation and a dilation of venous collaterals on the 
trunk. There was chronic polyserositis with generalized edema and chronic passive congestion. 

Tiioro was obliterative fibrous pleuritis and pericarditis, except for the anterior 
pericardium which had been surgically removed. The pulmonary veins were very stenosed 
by rigid fibrous rings where they passed the pleuroperienrdium. The inferior pulmonary 
veins would not admit a finger tip and the superior vessels would barely do so. The superior 
and inferior vena eavue were distended but were not stenosed at any point. The aorta and 
pulmonary artery were normal. 

The heart was distorted in shape due to a definite right ventricular hypertrophy. The 
valves were all normal. 

The lungs domonat jnted an extreme degree of ehronie passive congestion and had areas 
of bronchopneumonia and chronic interstitial pneumonitis. A small peribronchial lymph 
node hod an encapsulated (inactive) area of tuberculosis. 

There were 2,100 c.e. of ascites. The peritoneal surfaces were irregularly thickened 
and white. There were many adhesions between the bowel and abdominnl organs. 

In addition to adhesions, the capsule of the liver was everywhere thickened. An 
extreme degree of fibrosis in the region of porta hepntis stenosed the portal vein in this 
area. Distal to the stenosis the intima of the vein was thickened. 

The bowel wall was increased in thickness by* 50 per ccut due to edema and fibrous 
white thickening of the serosa. Tho mesentery was short and stiff and there were manj 
adhesions between adjacent loops of the bowel. They tended to form cystlike structures. 

Tho kidneys, pancreas, liver, and spleen all demonstrated chronic passive con¬ 
gestion. The kidneys on microscopic examination lmd many hyaline and granular easts, 
many round bodies lodged in the tubules. This was considered obstructive nephropnt } 
due to sulfa drug. 

Histologicully, the over-all picture was one of much vascular fibrosis on nil serous 
surfaces with minimal amounts of inflammation. 


DISCUSSION 

In this ease a congenital (cavernous hemangioma) and inflannnatoiy l^ion 
of the mediastinum were coexistent. The effect of the pleuritis and peiicar is 
on the circulation was enhanced by the congenital lesion compressing t le P 1 ' 
monary conus. The simultaneous action ot‘ these two processes was sioun J 
the fact that tire left pleural cavity was partially obliterated at t le 
surgical removal of the hemangioma and the pathologic specimen c emoi 
some chronic inflammation. 



Lawrence, jr., et al. : constrictive pericarditis 


837 


The soft structures of the chest wall were reflected to tho loft from over the pericardium. 
Parts of the third, fourth, rind fifth ribs wore removed subperiostcally to allow exposure. 
Tho left pleuru and lung wore tbeu reflected from over the pericardium, and the former 
opening into tho poricardiol sac wub found to bo closed by fibrous tissue. 

Further exploration revealed tho pericardial sac to bo completely obliterated. After 
rongeuring ft way a considerable amount of the lower sternum, the pericardium was 
freed from tho heart, first over the left ventricle anteriorly and to the left, and then 
over the right ventricle anteriorly. Two pieces of pericardium, measuring about 3 by 1^ 
inches each, were removed. The heart enlarged noticeably as the pericardium was freed 
from its surface. 

The soft structures of the chest wall were then sntured over tho heart after placing 
one Penrose drain In tho wound. 



Fig. 3. Pig, 4. 


Fig. 3.—Chest roentgenogram taken almost four months after removal of mediastinal 
hemangioma, and three month* alter partial pericardectomy. Note Improved aeration of the 
lungs due to decrease In pleural effusion. 

Pig. 4.—Chest x-ray view one day prior to expiration; there Is considerable bilateral 
pulmonary congestion. 

PostoiKrative Course .—The patient received the routino care Including penicillin and 
nasal oxygen. Soon after surgery ho was given 300 c.e* of whole blood, the transfusion 
being terminated because tho venous pressure was found to be 370 mm. of water. 

On the second postoperative day the temperature was 37°C^ pulse rate 110-120, 
and respiratory rate 30 per minute. Blood pressure was 100/03. The hemoglobin was 
10.5 Gm. and white blood coll count 5,000. The urinary output after surgery was only 
300 c.c. per day. 

Blood chemistry on the tldrd postoperative day revealed a slight alkalosis; the 
carbon dioxide capacity was 76 voL per cent, pH 7.46, and chlorides 85 niM/1. Plasma 
proteins were 0.02 Gm. per cant, albumin 3J9 Gm. per cent, globulin 3.45 Gm, per cent, 
albumin-globulin .03, ond nonprotein nitrogen 62.6 mg. per cent. Ammonium chloride, 
3 Gnu, was started and the following day tho patient received 300 c.c. of wholo blood 
and 00 c.e. of normal saline Intravenously. 
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Six of the patients were sufficiently improved to carry on normal life 
activities. Of these, two required a second pericardial resection to attain this 
result. Complete recovery in two of this group was not achieved until digi¬ 
talization was carried out. 

In addition to the case reported in this paper there was one other death. 
This occurred in the patient of 47 years who had active tuberculosis as the 
cause of chronic pericarditis. There was no clinical improvement after surgery 
and the patient died seven months later. Post-mortem examination was not 
performed. 

There was evidence of great vessel involvement only in the ease which is 
the subject of this report. We consider the severe constriction of the pul¬ 
monary veins the basis for failure of surgical therapy in this patient. 


SUMMARY 

A case of constrictive pericarditis is presented in which the patient was 
studied from the onset of the process to its fatal termination. Surgical therapy 
was ineffective due to a unique process not disclosed until autopsy, namely, 
severe stenosis of the pulmonary veins by fibrosis in the pleura and pericardium. 
Decortication of the heart ordinarily yields a high percentage of cures in these 
patients as demonstrated by the results in seven additional cases. 
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Aftor tho congenital lesions was removed there was temporary improve¬ 
ment in the patient’s condition. However, progicssion of the inflammatory 
procoss and accumulutiou of pericardial fluid required further surgical inter¬ 
vention. Drainage of pericardial fluid nt tho second operation again led to 
marked improvement which was of several months’ duration. This was termin¬ 
ated by the steady increaso in constriction produced by tho process in tho peri¬ 
cardium. Surgical decortication of the compressed heart nllowed the heart to 
increaso dinstolic filling. The pulmonary vein constriction impaired the pul¬ 
monary circulation to such an extent, however, that improvement did not take 
place. One week after surgery the patient began a rapid downhill course, 
terminating a few days later. 

In tho typical ease of constrictive pericarditis the fibrous scar firmly en¬ 
cases tlie heart and there is no cardiac enlargement. Sellors 15 said that the 
pulmonary circulation, in contrast to the systemic, is relatively unaffected in this 
condition in 1 cause a smull volume is pumped Into it. The right ventricle in 
this patient was greatly hypertrophied, however, and this was probably due to 
mechanical stress plnccd on the pulmonary circulation. This can be attributed 
to (1) the tumor compressing the pulmonary conus, and (2) tho constriction 
of tho pulmonnry veins. The latter was of such severity that release of tho 
heart from its constricting pericardium waH not sufficient for recovory of 
normal circulatory mechanism. 

In a search through the literature on constrictive pericarditis we have been 
unable to find a enso of pulmonary vein constriction proved by post-mortem ex¬ 
amination. There aro many cases reported iu which it has been proved that 
the fibrous process had involved the superior and/or the inforior vena cava. 
Gouley 1 * reported six cases of chronic medinstinoperieurditis with pulmonary 
artery constriction proved by post-mortem examination. Egan“ in a pathologic 
report described constriction of the pulmonnry vein orifices by ealeiitm rings. 
This, however, was in a case of calcium deposition in the cardiac musculature. 

At post-mortem there was an extensive fibrous peritonitis. Tho portal 
veins was markedly compressed by fibrous adhesions nt tho porta hepatis. 
Itolleston 1 * said tliis occurrence was very rare even when the portal fissure 
was involved by perihepatitis. White 2 * also said that this must be vory rare 
because jaundice was so rare in these cases. He assumed that simultaneous con¬ 
striction of the common bile duct must occur. 

There was an unusual opportunity in this case to study the development of 
constrictive pericarditis from the onset of the process. Before many changes 
had occurred in the pericardium, symptoms brought tho patient to tho clinic. 
Probably the additional effect of the congenital lesion wus instrumental in this 
respect. 

RESULTS IN ADDITIONAL CASES 

At the University of Chicago Clinics seven additional patients with con¬ 
strictive pericarditis had surgical decortication of the heart. They ranged in 
ago from 14 to 31 years, except for one man of 47 years. Etiology could only 
be determined hi one patient and this was tuberculosis. 
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PRIMARY LYMPHOSARCOMA OF LUNG 


Hkrbeiit C. M\ier, M.D. 

New York, N. Y. 

P ULMONARY lesions arc common in lymphomatoid diseases, but tho litera¬ 
ture contains very few reports of primary lymphosarcoma of the lung. In 
an analysis of 19G cases of lymphosoreomu proved by biopsy, Sugarbuker and 
Cravcr 1 found tliat tho lung was the apparent primary site of lymphosarcoma 
in only one instance, or 0.5 per cent of the cases. A case is herewith reported 
in which a large lymphosarcoma involving about one-hulf of the left lung \vaa 
removed by pneumonectomy. The patient was in excellent general condition 
uiul free of evidence of disease for over one and one-lmlf years following opera¬ 
tion. Then roentgenograms rovculed a small lesion in the other lung which 
was successfully treated by radiation therapy. Three years have now elapsed 
since tho pneumonectomy and tho patient appears to be well at this time. 

CASK REPORT 

M. AL, was a man aged GO yean*. Throo month* prior to admission the patient was 
examined berauso of a slight oxaeorbation of symptoms caused by n chronic gastric uleer. 
On fluoroscopic oxnminntiou n lesion was discovered in tho left lung. The patient hud no 
pulmonary symptoms. There wo* no cough, chest pain, hemoptysis, dyspnea, or loss of 
woight On physical examination tho patient appeared noli developed and somewhat obese. 
Ho did not appear 111* There was no ovidence of lympbadenoputhy. The poaitivo findings on 
physical exmninntion were dullness o\or tho upper half of tho loft lung field anteriorly and 
over tho upper tliird posteriorly. Bronchial breath sounds were present over the eama area. 
There were occasional crepitant riUes at tho end of inspiration. The remainder of the left 
long field and the entire right lung flold were clear. A roentgenogram of the chest showed 
asymmetry of the thorax with narrowing of the interspaces on the left side. The left leaf 
of tho diaphrogm was elovnted but not paralyied. The heart and modiastinnl structures were 
slightly displaced to the left. The area of the left upper lobo was uniformly dense (Fig. 
1), A bronchoscopy showed no evldenco of an endobronchial lesion, and no distortion or 
fixation of tho tracheobroncliial tree. Exploratory thoracotomy was recommended. Tho 
diagnosis was in doubt. Becauso of tho large eire of the tumor mass and tho complete 
absenco of pulmonary symptoms, a bronriilogenic carcinoma, although still a definite pos¬ 
sibility, did not seem likely. On Oct. 23, 1044, on operation was performed nnd the findings 
were aa follows. 

Tho loft upper lobo was diffusely adherent to the chest wall by adhesions which were 
moderately vascular but readily divided. Tho entire upper lobe was dense, but did not hove 
tire firm consistency usually found with carcinoma. The surfneo of tho upper lobo was gray 
in color. The lowor lobo was air-containing. Tho main bronchus showed no abnormality at 
the site of section. The mediastinal nnd bronchial lymph nodes were not enlarged. A hilar 
dissection typo of total left pneumonectomy wns performed. Tho postoperative course was 
uneventful. 

Pathologic examination of the lung revealed almost the entire upper lobe to be re¬ 
placed ,by a tumor mass of relatively soft consisten'cy. The lower lobo -wan aerated and ap¬ 
peared relatively normal. On cut section tho upper lobe was occupied by a tumor which was 

From tho Sunrical Service. Lon ox Hill Hospital. 
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pale gray in color and wliit'll thickened the lung Hbhuo uniformly without causing it to lose 
all of its elasticity. All the bronchi were preserved and stood out on the cut surface of the 
lung (Fig. 2). Tho tumor crossed the interlobar septum, obliterating it, and invaded tho 
lower lobe for a short distance. Hie remainder of tho lower lobe seemed normal. The pleura 
wns thickened where tho tumor camo in contact with it, but there was no extension of the 
tumor through the pleura. The main bronchi were free of tumor. 

On microscopic examination the lung was extensively infiltrated by a tumor composed 
largely of lymphoblasts mixed in places with an occasional reticulum cell (Fig. 3), The 
pulmonary substance had been largely replaced not only by tho infiltrativo growth but by an 
extensive process of fibrosis. Mitoses were rare and relatively difficult to And. The lesion 
appeared to be a solitary nnd apparently primary lymphosarcoma of the lung which must 
have grown slowly and in a relatively restrained fashion, since there wns a good deal of 
associated fibrosis. There was no ovtdenco of lymph node involvement. 

The patient continued to be asymptomatic and remained in excellent health. Roent¬ 
genograms of the chest were taken at suitable intervals. In May, 1040, nineteen months 
after operation, a small area of density was noted in the outer portion of tho right mid- 
lung field. The lesion increased in size very slowly during tho following seven months. The 
patient remained completely asymptomatic. In December, 1949, radiotherapy was instituted.* 
A total of 1,150 r was given to each of two fields over tho right side of tho chest with 
almost complete disappearance of the lesion on tho roentgenogram. In July, 1947, only a 
linear density remained on tho film. The patient has gained ten pounds during tho past 
tlireo years. There has never been any evidence of lymphndenopnthy. 


All types of primary sarcoma of the lung are rare. In past years small 
round-cell or oat-ccll carcinoma of the lung has been confused with sarcoma. 
The gross aud microscopic appearance of the tumor described here differs from 
the small-cell carcinoma. Lymphosarcoma arising in the lung has been consid¬ 
ered to be so unusual that its existence has even been doubted by some patholo¬ 


gists. In contrast, however, is the frequent occurrence of involvement of the 
lung secondary to lymphosarcoma of the bronchial and mediastinal lymph nodes. 
Vieta and Graver 2 analyzed 239 cases of lymphosarcoma in which roentgen 
studies of the lungs were made. Infiltration of the lung occurred in 23.8 pei 
cent. The parenchymal infiltrations as shown on the roentgenogram vere 
usually diffuse, but in 5.8 per cent isolated nodular masses occurred. In many 
instances the infiltration appeared to effect the greater portion of the lobe of 
the lung by direct extension from the hilar structures. Formation of disciete, 
lobular foci was nearly always accompanied by infiltrative lesions. 

Churchill 3 recently reported a case of primary lymphosarcoma of the lung 
successfully treated by lobectomy. This 45-year-old woman complained of bon s 
of fever and generalized malaise. She had experienced vague pains in the ng» 
thoracic region for many years. The roentgenogram showed a large dense aiea 
in the right upper lobe which did not correspond with a bronchopulmonary seg¬ 
mental distribution. There was a slight reduction in the volume of the & sea 
portion of the lung. The lymph nodes were apparently umnvolve , 10 

tient was given radiation therapy postoperatively and was well six mon 

Spatt and GrayzeF reported a case of primary lymphosarcoma of the l o 
which was also successfully treated by lobectomy. Their patientL lt J en0 - 
old woman who complained of moderate cough and bloody spu i • sul * icaI 
trains showed a small egg-shaped mass in the right lowei lobe. 


*By Dr. Maurice Lenz, 
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COMPLETE DISRUPTION OF THE ESOPHAGUS 

Rerort op Case 

John F. Iliacaxsox, M.D.,® axd 0. Therox Clagett, M.D.f 
Rochester, Minx. 

TT IS interesting to note that the earliest recorded case of rupture of the esopli- 
1 agus was one of complete disruption. Zenker and von Ziemssen 1 quoted 
Boerhaave’s- description in 1724 of the necropsy on Admiral Baron Wassenaer, 
wherein Boerhaave mentioned the “esophagus, whose continuity had been sun¬ 
dered, and the two portions had been dragged respectively upward and down¬ 
ward.” 

Barrett, 1 writing in March, 1946, stated that more than fifty cases of spon¬ 
taneous rupture of the esophagus had been recorded since Boerhaave’s case and 
that in none of these cases had treatment been successful. In August, 1946, 
Eliason and Wei tv' made a similar observation qualified by mention of two 
cases of Graham in which the rupture resulted in empyema and the patient re¬ 
covered after drainage of the empyema. 

Walker 1 in 1914 suggested that, if diagnosis was made early, the patient 
might be saved by posterior mediastinotomy, the rent being repaired and the 
mediastinum and pleural cavity drained. Shock and sepsis made him think 
success would be unlikely, but in the past one and one-lmlf .veal’s much has been 
accomplished by surgical attack along these lines. A complete study of the 
subject, with report of five cases, in one of which the patient underwent opera¬ 
tion but died nine days postoperatively of a pulmonary embolism, will soon be 
published by Kinsella, Morse, and Ilertzog, 0 

Also, one of us (T.O.C.) has recently performed repair successfully in one 
case of this so-called spontaneous rupture of the esophagus. 

Much speculation has gone on concerning the status of the esophagus prior 
to “spontaneous” rupture. It is thought that despite the lack of ulcer, stiic- 
ture, neoplasm, or other visible lesiou the esophageal wall cannot be health) 
if it becomes the site of a rupture. Zenker and von Ziemsseu explained this y 
esophagomalacia—a weakness inherent in the tissues. The case reported hcie is 
not one of those in which rupture occurs in an otherwise normal esophagus, in 
patient had a congenitally short esophagus type of hiatal hernia, which a wos 
always lias associated with it a stricture at the esophagogastric junction. 

That esophageal strictures predispose to, or at least often precede, iup 
of the esophagus is suggested by the reports of Vinson, 0 Sinead/ 
others, who, however, described lye strictures, 0,10 usually 3 to 5 inc ies 
cm.) above the cardia. In these eases, rupture occurred between strictures 
cardia owing to the unrelieved or slowly relieved pressure of vomiting. 

Received for publication Jan. 26, 1948. 
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specimen revealed a moderate-sized bronchus extending into the mass and fus¬ 
ing with it Small bronchiectatic cavities were also present, microscopic ex¬ 
amination revealed the tnmor cells to Is? particularly prominent about the 
bronchi and bronchioles and to a lesser degree ubout the blood vessels. Tho 
patient wax well fourteen months ut'ter operation. 

In most cases of lymphosarcoma the involvement is too diffuso to permit 
complolo surgical removal of the diseased tissue, and rndintion therapy is the 
treatment of choice. When the process is sufficiently localized, radical surgical 
excision, perhaps combined with radiation therapy, may give the best results. 
Lymphosarcoma usually involves the lung secondarily, but when the pulmonary 
lesion is apparently primary, lobectomy or pneumonectomy limy bo indicated. 
No conclusions ns to the relative merits of surgery and radiation therapy in the 
treatment of primary lymphosarcoma of the lung can bo drawn from my ease. 
Since the lesion which later appeared in the right lung responded well to radia¬ 
tion therapy, it is quite possible that a favorable result might also have been ob¬ 
tained if the original large lesion in the left lung had been irradiated. A posi¬ 
tive diagnosis of primary lymphosarcoma would he difficult to establish, how¬ 
ever, unless an exploratory thoracotomy wore performed. 

SUM MARY 

A cnxo of a largo, apparently primary lymphosarcoma of tho lung treated 
by pneumonectomy is roported. A small lesion' which later appeared in tho 
opposite lung responded well to radiation therapy. The patient never had 
any pulmouury or otlior symptoms referable to the lymphosarcoma, and is 
clinically well over three years after pneumonectomy. Two previously reported 
surgically treated cases of primary' lymphosarcoma of tho lung without medias¬ 
tinal lymph nodo involvomeut aro briefly reviowed. 
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tho finding of multiple parathyroid adenomas. An incidental finding was a small islet-cell 
carcinoma of the pancreas which had metastasized to the duodenum and to the peripancreatic 
and choledochal lymph nodes. 

COMMENT 

Several interesting possibilities arise in one’s mind concerning the cause of, 
or the predisposing factors in, this disruption of the esophagus from the 
stomach. 

Certainly it seems, first, of all, that a congenitally short esophagus type of 
diaphragmatic hernia, with its well-known concomitant stricture at the eso¬ 
phagogastric junction, would definitely predispose mechanically toward such a 
catastrophe. If, in addition, the disturbance of calcium metabolism and the 
presence of a carcinoma with metastasis (asymptomatic) lent a systemic effect 
deleterious to strength and elasticity of tissue it seems easy to understand how 
an attack of violent vomiting was all that was needed to effect the disruption. 

The fact that this was a lot'll disruption seems best explained on the basis 
of the pre-existing lesion. The stricture almost always accompanying con¬ 
genitally short esophagus is of the complete circumference of the esophagogas¬ 
tric junction. However, there arc many patients encountered with such lesions, 
and undoubtedly many of them occasionally vomit; yet there is no known previ¬ 
ous instance of disruption among this group as far as we can determine, al¬ 
though rupture of the esophagus occurs fairly often in patients with strictures 
from other causes. 

In the ease reported here the prognosis was completely hopeless. The dura¬ 
tion of the rupture was probably twelve to fifteen hours and the general con¬ 
dition of the patient, the local status of the mediastinal tissues and ends of the 
esophagus and stomach, and the presence of bilateral hydropneumothorax all 
combined to preclude any possibility of operation. 

Had the diagnosis been made earlier it is conceivable that an anastomosis 
might have been possible, the necrotic ends of the two separated viscera being 
resected if necessary. Early diagnosis, however, requires early consideration of 
the possibility of rupture of the esophagus, and as yet this fortunately rare 
catastrophe is not commonly borne in mind. 


REFERENCES 

1. Zenker, F. A. and von Ziemssen, 31.: Solutions of Continuity in the Oesophagus; Bup- 

tures ami Perforations, Cyclopedia of Practice of Medicine 8 : 90-94, la/o. 

2. Boerlmuve: Quoted by Zenker, b\ A., and vou Ziemssen, H.i . , T ifemture 

3. Barrett, N. R. Spontaneous Perforation of the Oesophagus; Renew of t 

and Report of Three New Cases, Thorax 1: 48-70, 1940. , o„ rp Gvnec. 

4 . Eliasou, E. L., and Welty, R. F.: Spontaneous Rupturo of the Esophagus, burg., > 

& Obst. 83: 234-238, 1940. , , „ , T a M A. 62: 

5. Walker, Irving J.: Spontaneous Rupture of the Healthy Esophagus, J. - • 

1952-1953, 1914. . . , . 

0. Kinsella T. J., Morse, R. W., nnd Hcrtzog, A J.: Unpunished data. 

7. Smead, Lewis F.: Spontaneous Rupturo of tho Esophagus Follow g 

Surg. 13: 497-501, 1931. , , 0 .. .qc 1043 

S. Weder, A.: Spoutauruptur der Speiserohre Aeta oto- nQmg. 3L - • the Esophagus; 

n Vinson, Porter P.: Spontaneous Perforation of Benign Strictu 

Report of a Cose, Arch. Otolnryng. 16: 329-330, 19?.-. Esophagus, Balti- 

10. Vinson, Porter P.: The Diagnosis and Treatment of Disease of the Esopi agu , 
more, 1940, Charles C Thomas, Pabhshor, p. 100. 



illGUINSON AND CLAOETT: DISRUPTION' OF ESOPHAGUS 


847 


The present cose is unusual in several respects, but mainly because this is 
a case of total or complete disruption, occurring at the site of stricture. 

REPORT OF CAKE 

Tho patient was a widow, aged 54 yearn, who had luid uo previous illness except typhoid 
fover in 1897. She was referred to tho Mayo Clinic by her local physician, who luwl noted 
albuminuria and pyuria for the previous eight months and hod mado a presumptive diag¬ 
nosis of a ureteral atone. She had luid no renal colic, hematuria, or chills and fevor. She 
Juul Jest from eight to ten pounds (IUI to 43 kilograms). She complained, in addition, of 
sorno pain and Bareness of the left foot which tdio hud folt for the previous tlute to four 
months. 

Physical examination showed a small woman walking with a painful limp of the left 
lower extremity. Tbero were no masses or tenderness in tho abdomen, Ilowevor, there was 
questionable tenderness in the left costovertebral augle. Tho arch of the left foot wo* ten¬ 
der. Laboratory examinations revealed albuminuria, grade 3 (on tho basis of 1 to 4, In 
which 1 designates tho mildest and 4 the most severe condition), and pyuria, grade 1. Roent¬ 
genograms of tho left foot showed osteoporosis and a fmcluro of the left third metatarsal 
bono. Roentgenograms of the thornx showed slight osteoporosis of the ribs. Investigation 
of tho kidneys, ureters, and bladder tevealed n stone in the lower jmrt of the right ureter 
and operation was advised. Hyperparathyroidism was considered to bo likely but not to eon- 
traiudicato operation. 

On July 28, 3947, one of tho urologic surgeons explored the right uretor and removed 
a stono from tho intramural portion of the ureter. Before operation tho patient had vomited 
slightly but lmd had no other gastrointestinal symptoms. During operation, which was done 
while alio was under spinal anesthesia, she vomited rather violently but this was not con¬ 
sidered unusual in view of the anesthesia. Early the following morning^ July 29, 2947, tho pa¬ 
tient vomited again. Tills time there was old blood id the vomitus. In addition, difficulty 
in breathing began to develop. As it was thought that thore had been aspiration of some 
of the vomitus, an attempt was mado to aspirate tho stomach. However, the tube could 
not be introduced into tho stomach. A roentgenogram of tho thorax revealed mediastinal 
emphysema and an aberrant position of the end of the etomnch tube, apparently not in the 
esophagus nnd cortainly not In tho stoumch. The patient was seen by one of tho consultants 
on diseases of the thorax, who noted subcutaneous emphysema of the thoracic wall and neck. 
These findings, together with the roontgenographic appearance of the thorax and the degreo 
of shock in which sho wnB, led to the probable diagnosis of rupture of the esophagus and 
roediostlnitis. The possibility of a previous asymptomatic esophageal hiatal hernia or of on 
epiplironlc diverticulum was entertained. 

When we saw tho patient it was felt that further diagnostic studies would bo both 
impossible and wasteful of time in view of hor condition, nnd accordingly, exploration of 
tho inforoposterior mediastinum was dono tiirough a vortical incision parallel to tho lateral 
edge of tho left sacrospinnlls muscle at the level of the eighth and ninth ribs. Posterior 
segments of these ribs were resected as well as tho intervening intercostal musclo bundle. 
Extrapleural dissection into tho posterior mediastinum revealed discolored, edematous, gan¬ 
grenous tissues and with final exposure of tho esophagus und stomach, there was revealed a 
completo disruption of tho csopimgus from the stomach. Approximately 2 to 3 inches (5 to 
8 era.) of tho stomach was in tho thorax (congenitally short esophagus typo of liintnl 
hernia). The two vagus nerves wore* the only connections remaining between the esophagus 
and tho stomach. The ends of these latter two viscera were inflamed, friable, and necrotic. 
In* addition, there wore openings into botli pleural spaces wliich mado the maintenance of 
anesthesia and respiration extremely difficult It was impossible to consider nu anastomosis 
of tho esophagus to tho stomach, and tho patient was returned to her room, where she died 
approximately twelve hours later. 

Post-mortem examination confirmed the operative findings described in tho prece ding 
paragraph and in addition confirmed the preoperativo suspicion of hyperparathyroidism by 
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